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T h i s  c o l l e c t i o n  c o n t a i n s  t h e  r e s u l t s  o f  p h o t o m e t r i c  i n v e s t i g a -  
t i o n s  o f  t h e  Moon, Mars a n d  J u p i t e r .  A l a rge  amount  of t h e  d a t a  
i n  t h i s  c o l l e c t i o n  c o n c e r n s  t h e  r e s u l t s  o f  a s t u d y  o f  t h e  l u n a r  
r e l i e f ,  m a i n l y  of i t s  fa r  s i d e ,  b y  t h e  p h o t o m e t r i c  m e t h o d ;  t h e  
p h o t o g r a p h s  w e r e  o b t a i n e d  b y  t h e  s p a c e c r a f t  "Zond-3". 

The r e s u l t s  o f  e x t e n s i v e  s p e c t r o p h o t o m e t r i c  o b s e r v a t i o n s  of 
J u p i t e r ,  c a r r i e d  o u t  i n  1964-1966 a t  t h e  Main A s t r o n o m i c a l  O b s e r v a -  
t o r y  o f  t h e  Academy o f  Sciences o f  t h e  U k r a i n i a n  S . S . R . ,  ape p r e -  
s e n t e d ,  as are  c a l c u l a t i o n s  of  t h e  o p t i c a l  p a r a m e t e r s  of t h e  Mars 
a t m o s p h e r e  a n d  s u r f a c e .  The t w o - c h a n n e l  p h o t o m e t e r  m e a s u r i n g  s m a l l  
l i g h t  f l u x e s  w h i c h  w a s  c o n s t r u c t e d  a t  t h e  Main A s t r o n o m i c a l  O b s e r v a -  
t o r y  o f  t h e  Academy o f  S c i e n c e s  o f  t h e  U k r a i n i a n  S . S . R .  i s  d e s c r i b e d .  
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INTRODUCTION 

In 1964, the Main Astronomical Observatory of the Academy of 
Sciences of the Ukrainian S.S.R. began to publish inter-departmental 
thematic collections of the series llAstronomiya i astrofizikal' 
(Astronomy and Astrophysics), as a result of which the "Izvestiy 
GAO AN USSR" stopped being published (the last issue was Vol. 5, 
No. 1, 1963). Articles touching on certain single divisions of 
astronomy were selected in each of the collections. The scientific 
research studies of both the workers at the Main Astronomical 
Observatory of the Academy of Sciences of the Ukrainian S.S.R. and 
the workers at other astronomical observatories and astronomy de- 
partments at institutes of higher education of the Ukrainian S.S.R. 
were published in the inter-departmental collections. 

Up to the end of 1967, the Main Astronomical Observatory of 
the Academy of Sciences of the Ukrainian S.S.R. published the 'follow- 
ing inter-departmental collections in the series "Astronomiya i 
astrofizika" : 

1964. Voprosy astrometrii (Problems of Astrometry), Issledov- 
aniya komet PO programme MGSS (Studies of Comets according to the 
IQSY Program), Issledovaniya PO fizike zvezd i diffuznoy mater;? 
(Investigations of the Physics of Stars and Diffuse Matter), Spektro- 
fotometricheskiye issledovaniya aktivnykh obrazovaniy na Solntse 
(Spectrophotometric Studies of Active Formations on the Sun), Fizika 
Luny i planet (Physics of the Moon and Planets); 

1965. Voprosy astrofiziki (Problems of Astrophysics), Figura 5 
dvizheniye Luny (The Shape and Motion of *he Moon), Fizika komet i 
meteorov (Physics of Comets and Meteors), Izmenyayemost' shirot 
(Latitude Variability); 

1966. Voprosy astrometrii (Problems of Astrometry), Voprosy 
astrofiziki (Problems of Astrophysics), Fizika komet i meteorov 
(Physics of Comets and Meteors), Fizika Luny i planet (Physics of 
the Moon and Planets), Fizika zvezd i mezhzvezdnoy sredy (Physics 
of the Stars and the Interstellar Med'ium,); 

1967. Figura i dvizheniya Luny (The Shape and Motion of the 
Moon), Voprosy astrofiziki (Problems of Astrophysics), Izmenyayemost' 
shirot (Latitude Variability), Aktiviiyye protsessy v kometakh (Active 
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P r o c e s s e s  i n  C o m e t s ) .  

U n f o r t u n a t e l y ,  n o  g e n e r a l  n u m b e r i n g  s y s t e m  w a s  made f o r  t h e  
c o l l e c t i o n s  o f  t h i s  s e r i e s ,  and  t h i s  c a u s e d  d i f f i c u l t i e s  i n  r e f e r -  
ring t o  them.  

I n  o r d e r  t o  a v o i d  l i k e  d i f f i c u l t i e s  i n  t h e  f u t u r e ,  t h e  e d i t o r i a l  
b o a r d  d e c i d e d  t h a t ,  b e g i n n i n g  w i t h  1 9 6 8 ,  t h e y  would  p u b l i s h  a l l  t h e  
c o l l e c t i o n s  u n d e r  t h e  g e n e r a l  t h e m a t i c  t i t l e  " A s t r o m e t r i y a  i a s t r o -  
f i z i k a "  ( A s t r o m e t r y  a n d  A s t r o p h y s i c s ) ,  and  t h a t  t h e y  would i n t r o d u c e  
a new n u m b e r i n g  s y s t e m  f o r  t h e  i s s u e s .  I n  t h o s e  c a s e s . w h e n  t h e  
i s s u e  i s  c o m p l e t e l y  c o n c e r n e d  w i t h  some s i n g l e  p r o b l e m ,  t h e  c o r r e -  
s p o n d i n g  s u b - t i t l e  w i l l  b e  a d d e d .  

The f o l l o w i n g  i s s u e s  w i l l  come o u t  i n  t h e  s e r i e s  " A s t r o m e t r i y a  
1 a s t r o f i z i k a "  i n  1 9 6 8 :  N o .  1, F i z i k a  Luny i p l a n e t  ( P h y s i c s  of  t h e  
Moon a n d  P l a n e t s ) ;  N o .  2 ,  Voprosy  a s t r o m e t r i i  ( P r o b l e m s  o f  A s t r o -  
m e t r y ) ;  N o .  3 ,  Voprosy  a s t r o f i z i k i  ( P r o b l e m s  o f  A s t r o p h y s i c s ) ;  N O .  4 ,  
F i z i k a  komet ( P h y s i c s  of  C o m e t s ) ;  N o .  5 ,  Voprosy  a t m o s f e r n o y  o p t i k i  
( P r o b l e m s  o f  A t m o s p h e r i c  O p t i c s ) ;  No. 6 ,  K o l ' t s e o b r a z n o y e  s o l n e c h n o y e  
z a t m e n i y e  2 0  maya 1 9 6 6  g (The  A n n u l a r  E c l i p s e  of  t h e  Sun on May 2 0 ,  
1 9 6 6 ) .  
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A PHOTOMETRIC METHOD OF LUNAR TOPOG-RAPHY 

L .R.  L i s i n a  

ABSTRACT: The p h o t o m e t r i c  c h a r a c t e r i s t i c s  o f  t h e  
Moon s c a t t e r i n g  Z i g h t  a re  d e s c r i b e d .  I t  i s  shown 
t h a t ,  i n  d e t e r m i n i n g  t h e  b r i g h t n e s s  of Zunar de- 
t a i Z s  accord ing  t o  t h e o r e t i c a Z  formuZas,  t h e  
macrosZope must  be c o n s i d e r e d .  SmaZZ sZopes a r e  
de t e rmined  by t h e  p h o t o m e t r i c  method. The pho to -  
m e t r i c  method of d e t e r m i n i n g  t h e  d o p e s  f o r  ob- 
s e r v a t i o n s  o f  t h e  l u n a r  s u r f a c e  from a space-  
c r a f t  i s  d i s c u s s e d .  The r e q u i s i t e  parame ter s  
are  caZcuZated i n  o r d e r  t o  de t e rmine  t h e  sZopes 
and h e i g h t s  o f  t h e  t h a l a s s o i d  Korolev on t h e  
far s i d e  of t h e  Moon. The photographs  were 
o b t a i n e d  from t h e  S o v i e t  s p a c e c r a f t  "Zond-3".  
The t h a Z a s s o i d  KoroZev i s  a b a s i n  surrounded 
by numerous r i n g s  w i t h  f a u l t s .  

P h o t o g r a p h i n g  o f  t h e  Moon f rom moving s p a c e c r a f t  ( R a n g e r  s e r i e s ) ,  
p h o t o g r a p h i n g  of t h e  f a r  s i d e  f r o m  t h e  a u t o m a t i c  i n t e r p l a n e t a r y  s t a -  
t i o n  "Zond-3" ,  numerous  p h o t o g r a p h s  o b t a i n e d  b y  s t a t i o n s  wh ich  made 
a s o f t  l a n d i n g  ( "Luna-9" ,  " L ~ n a - 1 3 ' ~ ~  S u r v e y o r  1 and  2 ) ,  and  p h o t o -  
g r a p h s  t a k e n  f rom s a t e l l i t e s  a n d  o r b i t a l  s t a t i o n s :  t h i s  i s  a n  i n -  
c o m p l e t e  l i s t  o f  t h e  s t u d i e s  o f  t h e  Moon f rom t h e  s p a c e  a r o u n d  i t .  
The i n f o r m a t i o n  o b t a i m e d  f r o m  s p a c e c r a f t  p r i m a r i l y  c o n c e r n s  t h e  
p r o b l e m s  o f  t h e  morpho logy  o f  t h e  Moon's  s u r f a c e :  a g r e a t  d e a l  o f  
d a t a  h a s  b e e n  o b t a i n e d  on t h e  p h y s i c a l  and  m e c h a n i c a l  p r o p e r t i e s  
o f  t h e  l u n a r  s o i l ,  a n d  h y p o t h e s e s  on t h e  m i c r o s t r u c t u r e  o f  t h e  l u n a r  
s o i l  h a v e  b e e n  c o n f i r m e d .  I t  i s  now i m p o r t a n t  t o  c o n c e n t r a t e  o u r  
a t t e n t i o n  on a l l  t h e  m e t h o d s  o f  l u n a r  t o p o g r a p h y  which  c a n  b e  a p p l i e d  
b o t h  t o  p h o t o g r a p h s  o b t a i n e d  f rom t h e  Ear?th and  t o  t h o s e  o b t a i n e d  
f r o m  s p a c e c r a f t .  

The p o s s i b i l i t i e s  o f  a p p l y i n g  p h o t o m e t r y  t o  l u n a r  t o p o g r a p h y ,  
p a r t i c u l a r l y  t h e  p h o t o m e t r i c  method which  w a s  p r o p o s e d  by  D i g g e l e n  
i n  1 9 5 1  a n d  f u r t h e r  d e v e l o p e d  a t  t h e  Main A s t r o n o m i c a l  O b s e r v a t o r y  
o f  t h e  U k r a i n i a n  S . S . R . ,  a r e  examined  i n  t h i s  s tudy .  B e g i n n i n g  i n  
1 9 6 2 ,  t h i s  method w a s  u s e d  t o  s t u d y  a n  e x t e n s i v e  r e g i o n  a r o u n d  
Oceanus  P r o c e l l a r u m  and  t h e  c e n t r a l  p a r t  o f  t h e  Moon i n  t h e  r e g i o n  
of  t h e  T r i e s n e c k e r  c r a t e r  and  Hyg inus  r i l l e ,  a s  w e l l  a s  t o  i n v e s t i -  
g a t e  i n  d e t a i l  t h e  morpho logy  o f  t h e  s t r u c t u r e  of t h e  mounds i n  
Mare F e c u n d i t a t i s ,  t h e  s l o p e s  o f  l i g h t e d  r i d g e s  o f  t h e  Arch imedes  

~~ - .  
.t. 

Numbers i n  t h e  m a r g i n  i n d i c a t e  p a g i n a t i o n  i n  t h e  f o r e i g n  t e x t .  
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c r a t e r  ( F i g .  1, s e e  t h e  i n s e r t f o n  b e t w e e n  p a g e s  1 6  a n d  1 7 ) .  I n  
1 9 6 6 ,  t h e  p h o t o m e t r i c  method w a s  m o d i f i e d  and  u s e d  t o  a n a l y z e  
c l o s e - u p  p h o t o g r a p h s  o f  t h e  f a r  s i d e  o f  t h e  Moon, t a k e n  f r o m  t h e  
"Zond-3" s t a t i o n .  

P h o t o m e t r i c  C h a r a c t e r i s t i c s  o f  t he  L u n a r  S u r f a c e  

S i n c e  we w i l l  s u b s e q u e n t l y  b e  u s i n g  t h e  c o n c l u s i o n s  o b t a i n e d  
b y  a number o f  a u t h o r s  i n  s t u d y i n g  t h e  q u a l i t a t i v e  p i c t u r e  f o r  t h e  
r e f l e c t i o n  o f  l i g h t  f rom t h e  l u n a r  s u r f a c e  i n  o u r  a s s u m p t i o n s ,  l e t  
u s  d i s c u s s  some o f  them h e r e .  

N . P .  B a r a b a s h o v  E11 and  t h e n  A . V .  Markov C21 f o u n d  t h a t  t h e  
maximum b r i g h t n e s s  o f  t h e  m a j o r i t y  of  d e t a i l s  o f  t h e  Moon o c c u r s  
d u r i n g  f u l l  moon (i = E ) .  E .  Opik [ 3 ]  f o u n d  t h a t  t h e  a p p e a r a n c e  
o f  t h e  c u r v e  f o r  t h e  p h o t o m e t r i c  f u n c t i o n  i s  i d e n t i c a l  f o r  a l l  
f o r m a t i o n s ,  and  t h a t  t h e  b r i g h t n e s s  maximum d u r i n g  f u l l  moon d o e s  
n o t  depend  on t h e  p o s i t i o n  of  f o r m a t i o n s  o f  t h e  same t y p e  on t h e  
l u n a r  d i s k .  T h e s e  r e s u l t s  were  c o r r o b o r a t e d  b y  A . L .  B e n n e t  [ 4 ] ,  
V . A .  F e d o r e t s  [ 5 ]  and  van  D i g g e l e n  [ S I .  M .  M i n n a r t  [ 7 ]  and  V . G .  
Fesenkov  1 8 1  a f f i r m e d  t h a t  t h e  p h a s e  c h a n g e  i n  b r i g h t n e s s  i s  n o t  
l a t i t u d e - d e p e n d e n t ,  b u t  i s  m a i n l y  a f u n c t i o n  of t h e  l o n g i t u d e .  
The c h a r a c t e r i s t i c s  o f  t h e  m i c r o r e l i e f  o f  t h e  l u n a r  s u r f a c e  were  
e s t a b l i s h e d  o n  t h e  b a s i s  of p h o t o m e t r i c  i n v e s t i g a t i o n s .  The u p p e r  
l a y e r s  of t h e  l u n a r  s o i l  ( t h i c k n e s s  o f  s e v e r a l  m i l l i m e t e r s  or 
c e n t i m e t e r s )  h a v e  a p o r o u s  s t r u c t u r e ,  and  t h e  s k e l e t o n  t a k e s  up 
o n l y  1 0 %  o f  t h e  s p a c e ,  w h i l e  9 0 %  o f  t h e  s p a c e  i s  p o r e s .  

I n  a d d i t i o n  t o  t h e  c i t e d  s t u d i e s ,  t h e r e  were  a t t e m p t s  a t  g i v i n g  
a q u a n t i t a t i v e  d e s c r i p t i o n  o f  t h e  l a w  o f  l i g h t  r e f l e c t i o n  f r o m  t h e  
Moon's s u r f a c e .  The m a j o r i t y  of t h e  t h e o r e t i c a l  m o d e l s  were  b a s e d  
on t h e  a s s u m p t i o n  t h a t  t h e r e  was an  e v e n  s u r f a c e  c o v e r e d  w i t h  d e -  
p r e s s i o n s  or p r o t u b e r a n c e s  of d i f f e r e n t  s h a p e s :  s p h e r i c a l  or c y l i n -  
d r i c a l  d e p r e s s i o n s  (N.P. B a r a b a s h o v ) ,  s p h e r i c a l  c u p o l a s  ( S c h o e n b e r g ) ,  
s e m i - e l l i p s o i d a l  c a v i t i e s  ( B e n n e t  and  D i g g e l e n ) .  C o n s i d e r i n g  t h e  
g e n e r a l  r e p r e s e n t a t i o n s  of t h e  n a t u r e  o f  t h e  p o r o s i t y  o f  t h e  l u n a r  
s u r f a c e ,  B .  Hapke [9] p r o p o s e d  a f o r m u l a  wh ich  g a v e  a good d e s c r i p -  
t i o n  o f  t h e  c h a n g e  i n  b r i g h t n e s s  for t h e  r e g i o n s  b e t w e e n  s e l e n o -  
g r a p h i c  l o n g i t u d e s  o f  - t 6 O o .  I t  w a s  t h e n  m o d i f i e d  i n  o r d e r  t o  r e -  
p r e s e n t  o b s e r v a t i o n s  i n  r e g i o n s  a d j a c e n t  t o  t h e  l i m b  [lo]. The 
f o r m u l a  i s  of t h e  f o l l o w i n g  f o r m :  

2 1 
3z cos E I + - -  

O ( i ,  E ,  a ) = E , ~ d w  -- b __ - x 

where  E0ad-- * b i s  t h e  amount of l i g h t  r e f l e c t e d  f rom a n  a r e a  on t h e  3.rr 
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Moon i n  t h e  d i r e c t i o n  of  t h e  r e c e i v e r  i n  a f u l l  moon ( a l b e d o ) ,  

( 'OS c i s  a f u n c t i o n  c h a r a c t e r i z i n g  t h e  l a w  o f  
i v ( i ,  2) 

l +  
' c o s i  

d i f f u s e  s c a t t e r i n g ,  . . -  
?c 

i s  a p h a s e  

f u n c t i o n ,  B ( c r , g )  i s  a r e t r o d i c t i v e  f u n c t i o n  d e p e n d i n g  on t h e  p a c k -  
. i ng  c o e f f i c i e n t  (g i s  t h e  p a c k i n g  f a c t o r ,  2 > g > 0 . 0 1 )  and  t h e  
r e l a t i v e  d e n s i t y  o f  t h e  p a r t i c l e s  making  up t h e  s u r f a c e  u n d e r  i n -  
v e s t i g a t i o n .  For t h e  s a k e  o f  s i m p l i c i t y  i n  t h e  c a l c u l a t i o n s ,  t h e  
e x p r e s s i o n  $I ( < , E )  c a n  b e  c o n v e r t e d ,  if w e  assume t h a t  t h e  l u n a r  
e q u a t o r  c o i n c i d e s  w i t h  t h e  e q u a t o r  o f  i n t e n s i t y  i n  v i e w  of  t h e  
s m a l l n e s s  o f  t h e  a n g l e  b e t w e e n  them and  t h e  c o i n c i d e n c e  o f  t h e  
a p p a r e n t  c e n t e r  w i t h  t h e  c e n t e r  o f  t h e  c o o r d i n a t e  s y s t e m  ( z e r o  
moment o f  l i b r a t i o n ) .  Then ,  

cos E =cos 3 cos E,, 
C O S  i L- COS 3 COS (E, - a) 

and 

The f u n c t i o n  $ I ( i , ~ , a ) ,  or ( p ( X , a ) ,  is cal leda p h o t o m e t r i c  o n e .  I t  h a s  
i n f o r m a t i o n  on t h e  i n c l i n a t i o n  o f  v a r i o u s  f o r m a t i o n s  on t h e  Moon 
i n  t h e  d i r e c t i o n  o f  t h e  i n c i d e n t  r a y s ,  or t h e  s o - c a l l e d  l o n g i t u d i n a l  
component  o f  t h e  s l o p e .  

A . A .  Akimov [ll] r e p r e s e n t e d  t h i s  f u n c t i o n  i n  a somewhat d i f -  
f e r e n t  f o r m  i n  a f o r m u l a  t o  b e  u s e d  t o  c a l c u l a t e  t h e  b r i g h t n e s s  o f  
any  p a r t  o f  t h e  l u n a r  s u r f a c e  f o r  d i f f e r e n t  p h a s e s :  

where  B ( w , u )  i s  t h e  b r i g h t n e s s  f o r  t h e  g i v e n  p h a s e ;  B o  i s  t h e  
mean b r i g h t n e s s  d u r i n g  f u l l  moon; B o  i s  t h e  b r i g h t n e s s a Y o f  a p o i n t  
d u r i n g  f u l l  moon; f ( a )  i s  a p h a s e  f h n c t i o n ;  $ J ( w , u )  is t h e  b r i g h t n e s s  
d i s t r i b u t i o n  o v e r  t h e  e q u a t o r  o f  i n t e n s i t y ,  d e t e r m i n e d  by  t h e  e x -  
p r e s s i o n  

rp (w, a) = COS (a---  w) c o . c ' + A  - 1  (I) ,  

e,==@ (--w) U (9Uo-a+ 10) + u (a-u)) 0 (w), 
@,=e (w-a) t3 (90' - 0 ) )  + 8 ( a - w )  8 
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w h i l e  t h e  f u n c t i o n  6 = 0 for a n e g a t i v e  v a l u e  o f  t h e  a r g u m e n t ,  a n d  
8 = 1 for a p o s i t i v e  v a l u e .  

Correc t ion  o f  Theore t ica l  Br ightnesses  f o r  the  Slope 

The f o r m u l a s  o f  Hapke a n d  Akimov g i v e  v a l u e s  of  t h e  b r i g h t n e s s e s  
for a s p h e r i c a l l y  u n i f o r m  Moon. We compared  t h e  t h e o r e t i c a l  c u r v e s  
w i t h  t h e  o b s e r v a t i o n a l  d a t a  o f  F e d o r e t s  a n d  D i g g e l e n .  The c o m p a r i -  
s o n s  w e r e  c a r r i e d  o u t  for t h e  r e g i o n s  o f  t h e  l u n a r  s u r f a c e  wh ich  
a r e  known t o  h a v e  no  s u b s t a n t i a l  m a c r o - i r r e g u l a r i t i e s  - r e g i o n s  o f  
t h e  maria  a n d  t h e  f l o o r s  o f  c r a t e r s .  For e x a m p l e ,  Hapke compared  
r e g i o n s  i n  Mare S e r e n i t a t i s ,  Mare N e c t a r i s ,  Mare Imbr ium,  and  t h e  
c e n t e r s  o f  P t o l e m a e u s  a n d  Tycho.  

F i g .  2. Change i n  V a l u e s  o f  i and  E w i t h  a Change i n  S l o p e .  

To o b t a i n  t h e  v a l u e  f o r  t h e  b r i g h t n e s s  o f  a c r a t e r  r i d g e  wh ich  
s l o p e s  t o w a r d  t h e  m i d d l e  s u r f a c e  i n  a c e r t a i n  p h a s e ,  we mus t  make 
a c o r r e c t i o n  f o r  t h e  s l o p e .  S i n c e  t h e  s l o p e  o f  t h e  s u r f a c e  c h a n g e s  
t h e  d i r e c t i o n  of t h e  n o r m a l ,  t h e  v a l u e s  for t h e  a n g l e s  o f  i n c i d e n c e  
and  r e f l e c t i o n  a l s o  c h a n g e  ( F i g .  2 ) .  L e t  u s  a g r e e  t h a t  t h e  s l o p e  
i s  p o s i t i v e  i f  a r i s e  i s  f o u n d  i n  t h e  d i r e c t i o n  o f  t h e  i n c i d e n t  
r a y .  We w i l l  c a l l  t h e  s l o p e  y .  F o r  a p o s i t i v e  s l o p e ,  t h e  v a l u e  
f o r  t h e  a n g l e  of i n c i d e n c e  d e c r e a s e s  b y  t h e  v a l u e  y a n d  i s  i-y, 
w h i l e  t h e  v a l u e  f o r  t h e  a n g l e  o f  r e f l e c t i o n  i n c r e a s e s  up t o  E t y .  

I n  o r d e r  t o  b e  c e r t a i n  t h a t  t h e  t h e o r e t i c a l  c u r v e s  f o r  c r a t e r  
r i d g e s  wh ich  h a v e  a s u b s t a n t i a l  s l o p e  d i d  n o t  c o i n c i d e  w i t h  t h o s e  
o b s e r v e d ,  we c a l c u l a t e d  and  c o n s t r u c t e d  t h e  t h e o r e t i c a l  and  o b s e r v a -  
t i o n a l  c u r v e s  f o r  t h e  c r a t e r  T h e o p h i l u s .  The v a l u e  for t h e  s l o p e  
o f  t h e  e a s t e r n  r i d g e  o f  t h e  c r a t e r  T h e o p h i l u s  w a s  t a k e n  f rom [ 1 2 1  
(y = + 2 7 O 0 5 ' ,  = 11°21', YE = 4 6 O 3 4 ) ,  i n  wh ich  s l o p e s  of  1 9  c r a t e r s  
a r e  g i v e n .  The maximum s l o p e  i s  g i v e n  i n  t h i s  s t u d y ,  s i n c e  t h e  
s l i d i n g - b e a m  method w a s  u s e d .  A s  t h e  a u t h o r  shows ,  t h e  v a l u e  o f  
t h e  s l o p e  c a n  be  i n c r e a s e d  b y  1 2 O .  The p h o t o m e t r i c  v a l u e s  o f  t h e  
b r i g h t n e s s e s  f o r  t h e  p h a s e  a n g l e s  f r o m  2 8 O  b e f o r e  f u l l  moon t o  28O 
a f t e r  f u l l  moon were  o b t a i n e d  i n  E 1 3 1  f o r  t h e  same c r a t e r s ,  and  
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22.4.62 11.8 
20.5.62 7.8  
18.6.62 9.4 
18.7.fiZ 7.7 

1 18.7.67 9.7 
' 19.7.62 7.6  1 19.7.62 10.0 

s e g m e n t s  of t h e  p h a s e  c u r v e s  ( v a l u e  of t h e  d i a p h r a g m - 1 0 . 8 " )  w e r e  
c o n s t r u c t e d  a c c o r d i n g  . t o  them.  

TABLE 1 

Before Full Moon 
17. 7.62 9:3 lO.2 1 
17. 7.62 7.1 2.5 0.!)5.5 .. 
15. 8.62 6.9 7:6 O.(i02 
15. 8.62 9 .3  6.2 0.731 
13. 9.62 7 .5  12.4 0.692 
13. 9.62 9.2  11.5 0.72.1 
9.12.62 8.6 27.8 0.534 

10.12.62 5.8 16.0 0.751 
10.12.62 8.2 14.7 0.711 
9.  1.63 8.7  7.7 1.04 
9.  1.63 9.8 7.1 0.86 

After  Ful l  Moon I/ 

T A B L E  2 

1 0" 1 1 1 
2 5 0 .89  0.866 0.892 
3 10 0.78 0.7.35 0.7PR 
4 15 0.6R O.G2G O.( i ! ) l  
5 20 0.61 13.537 0.625 
6 25 0.55 0.461 0.568 
7 30 0.51 0.393 0.521 

T a b l e  1 g i v e s  v a l u e s  f o r  t h e  b r i g h t n e s s e s  o f  t h e  c r a t e r  Teo-  
p h i l u s  for p h a s e s  b e f o r e  and  a f t e r  f u l l  moon. 

The t h e o r e t i c a l  c u r v e  w a s  c a l c u l a t e d  a c c o r d i n g  t o  H a p k e l s  f o r -  
m u l a .  The v a l u e  g ,  wh ich  c h a r a c t e r i z e s  t h e  m i c r o r e l i e f ,  w a s  t a k e n  
a s  e q u a l  t o  0 . 6 ,  on t h e  b a s i s  o f  H a p k e l s  c o n c l u s i o n s  t h a t  t h e  
b r i g h t e s t  d e t a i l s  c o r r e s p o n d  t o  g = 0 . 4 ,  and t h e  f l o o r s  of c r a t e r s  
a n d  t h e  m a r i a  c o r r e s p o n d  t o  0 . 8 ,  a n d  g = 0 . 6  f o r  t h e  p h o t o m e t r i c a l l y  
s t a n d a r d  Moon. The c r a t e r  T h e o p h i l u s  c a n  be  r e l a t e d  t o  t h e  p h o t o -  
m e t r i c a l l y  s t a n d a r d  Moon. W e  t h e n  c o n s t r u c t e d  a t h e o r e t i c a l  c u r v e  
c o r r e c t e d  for t h e  s l o p e .  T a b l e  2 g i v e s  t h e  p h a s e  a n g l e s ,  t h e  
a v e r a g e  b r i g h t n e s s e s  o b t a i n e d  f rom o b s e r v a t i o n s  [13], t h e  t h e o r e t -  
i c a l  b r i g h t n e s s e s  wh ich  do n o t  c o n s i d e r  t h e  s l o p e  up t o  c1 = 0 and  
t h e  t h e o r e t i c a l  b r i g h t n e s s e s  wh ich  i n c l u d e  t h e  s l o p e  of  t h e  r i d g e .  
The b r i g h t n e s s e s  a r e  n o r m a l i z e d  t o  full moon. 
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F i g .  3 .  Dependence  of  t h e  B r i g h t n e s s  on t h e  P h a s e  Ang le  for t h e  
C r a t e r  T h e o p h i l u s  ( S o l i d  C u r v e ,  O b s e r v a t i o n s ;  Dashed C u r v e ,  Theo- 
r e t i c a l ;  b o t - D a s h e d  C u r v e ,  T h e o r e t i c a l  C o r r e c t e d ) .  

S i n c e  w e  a r e  e x a m i n i n g  t h e  i n n e r  e a s t e r n  r i d g e ,  t h e  c a l c u l a t i o n s  
were  c a r r i e d  o u t  f o r  t h e  p h a s e s  b e f o r e  f u l l  moon. The d a t a  of  T a b l e  
2 were  p l o t t e d  on g r a p h s  ( F i g .  3 ) .  We c a n  s e e  f rom t h e  g r a p h  t h a t  
t h e r e  i s  c o m p l e t e  a g r e e m e n t  b e t w e e n  t h e  c o r r e c t e d  c u r v e  and  t h a t  
o b s e r v e d .  However ,  w e  mus t  e m p h a s i z e  t h a t  a d i s c r e p a n c y  b e t w e e n  
t h e  t h e o r e t i c a l  a n d  o b s e r v a t i o n a l  c u r v e s  due  t o  t h e  s l o p e  s h o u l d  
a p p e a r  p r i m a r i l y  f o r  l a r g e  p h a s e  a n g l e s .  

The d i s c r e p a n c y  b e t w e e n  t h e  t h e o r e t i c a l  and  o b s e r v a t i o n a l  p h a s e  
c u r v e s  c a n  b e  u s e d  i n  o r d e r  t o  s o l v e  t h e  i n v e r s e  p r o b l e m ,  ? . e . ,  t h a t  
o f  f i n d i n g  t h e  s l o p e s .  F o r  t h i s ,  we mus t  h a v e  r e l i a b l e  p h a s e  c u r v e s  
a n d ,  m o r e o v e r ,  we mus t  know t h e  c h a r a c t e r i s t i c s  o f  t h e  m i c r o r e l i e f  
o f  t h e  g i v e n  d e t a i l  or i t s  d e v i a t i o n  f r o m  t h e  s t a n d a r d  Moon. The 
d e v i a t i o n s  i n  b r i g h t n e s s  f r o m  t h e  p h o t o m e t r i c a l l y  s t a n d a r d  Moon 
due  t o  a d i f f e r e n c e  i n  m i c r o r e l i e f  ( d e v i a t i o n  f rom t h e  a v e r a g e  
v a l u e  of  t h e  f a c t o r  g )  a r e  g i v e n  i n  t h e  r e p o r t s  o f  B a r a b a s h o v  and  
Y e z e r s k i y  [14,15] f o r  t h e  d e t a i l s  o f  t h e  c a t a l o g u e  o f  F e d o r e t s .  
T h i s  method of d e t e r m i n i n g  t h e  s l o p e s  w i l l  b e  u s e d  o n l y  f o r  r a t h e r  
s t e e p  o n e s ,  wh ich  a r e  f o u n d  m a i n l y  on t h e  r i d g e s  of c r a t e r s ,  p a r -  
t i c u l a r l y  young c r a t e r s .  The a u t h o r s  o f  [13] f o u n d  a d e p e n d e n c e  
b e t w e e n  t h e  b r i g h t n e s s  and  t h e  s l o p e  f o r  d i f f e r e n t  s t r a t i g r a p h i c  
c l a s s i E i c a t i o n s .  Our s t r a t i g r a p h i c  c l a s s i f i c a t i o n  w a s  made a c c o r d -  
i n g  t o  Shoemaker  [16]. The i n c r e a s e  i n  b r i g h t n e s s  accompany ing  
an  i n c r e a s e  i n  s l o p e  g o e s  f r o m  f o r m a t i o n s  b e l o n g i n g  t o  t h e  P r o c e l l a -  
rum e r a  t o  t h e  e r a  o f  C o p e r n i c u s .  The y o u n g e r  f o r m a t i o n s  a r e  
b r i g h t e r ,  s i n c e  t h e y  h a v e  b e e n  l e s s  s u b j e c t e d  t o  e r o s i o n  a n d  h a v e  
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steeper slopes. 

P r i n c i p l e  o f  D e t e r m i n i n g  the S l o p e s  o f  S c a r p s  
i n  t h e  Maria of the Moon 

In order to study the small slopes characteristic of the scarps, 
furrows and banks in the regions of the maria, it is convenient to 
use the photometric method. The same principle of comparing the 
brightness of a segment of the lunar surface, which has an inclina- 
tion with respect to the horizontal plane with the brightness of a 
segment lying in this plane, underlies this method. In connection 
with the fact that only the photometric function gives information 
on the slope, and this function gives the brightness distribution 
over the disk for a given phase, the slopes in a small region of 
the lunar surface can be studied according to one negative. Since 
the change in brightness over the disk is most appreciable for large 
angles of incidence of the solar rays, the region under investiga- 
tion should be in a zone around the terminator. The reason for 
the change in brightness is the change in albedo and the difference 
in the irregularities of the macrorelief. As was shown earlier, 
the photometric function of any point on the disk can be represented 
as the function of three variables $ ( i , ~ , a ) ,  as well as the function 
of two variables $ ( X , a ) ,  where X is the selenographic longitude. 
The latter representation occurs for the case when the observer is 
on the Earth. In the general case, it is better to give the photo- 
metric function as the function of the photometric longitude and 
the phase $ ( w , a ) .  This is possible because the isophotes of the 
lunar surface are close to the brightness meridians if the differ- 
ence in albedo is considered. The angle, or the photometric longi- 
tude, characterizes the position of the brightness meridian (Fig. 4). 

The photometric function $ ( w , a )  was normalized so that it be- 
came equal to unity when the direction of incidence and reflection 

$ ( O , O , O )  = 1, B ( w , a )  = B o ) .  This allows us to determine the value 
of the normal albedo. Thus, the normal albedo was measured only 
for regions close to the center of the full Moon. However, the 
observations showed that the brightness of different regions during 
full moon does not depend on their position on the lunar disk. 
Therefore, the albedo at full moon should be taken as the normal 
albedo. The procedure of considering the difference in albedo of 
the measured regions is described in C171. 

of the solar rays was perpendicular to the surface (i = E = 0 1 ,  

The photometric method of studying the slopes and heights of 
scarp chains in the maria of the Moon was first used by Diggelen 
C181,  on the assumption that there was a small uniform region 
under the conditions of a substantial change in i and a practi- 
cally unchanged E near the center of the disk. The slope was then 
determined by the value A i  of points which had identical brightness 
but which occurred in planes with different slopes. In the case 
when the distance between the object and the observer decreases, 
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the value E changes more substantially, because of the parallax 

A 

Fig. 4. Determination of the Fig. 5. Position of the Appara- 
Photometric Longitude. tus Relative to the Moon. 

between the observed point (optical axis of the camera) and the 
sub-instrumental point (plumb line). It cannot be avoided, as in 
the case when the observer is on the ground. We will disregard the 
parallax in both cases for incident rays. The angles i, E and CY 
form a photometric triangle. 

The position of the apparatus is characterized by the distance 
from the apparatus to the surface along the plumb line and the 
selenocentric position of the point of intersection with the surface 
of the line, which connects the apparatus and the center of the 
Moon. This determines the sub-instrumental point P (Fig. 5). We 
will find the point C according to the intersection of the lunar 
surface by the line which is parallel to the line of sight and passes 
through the center of the Moon. This is the apparent center of the 

Fig. 6. Relation Between < , E ,  

ci and w .  

Fig. 7. Indeterminancy of the 
Photometric Function for Positive 
and Negative w .  
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Moon and is called the "phase point", since it determines the phase 
angle and plane in whic.h it lies. The angle COS is the phase angle. 
The angle of incidence of the solar rays is determined by the angle 
S O Q ,  and the angle of reflection E is determined by the angle COQ 
( E  = p + z ) .  To determine the value of the slope y ,  we will use the 
value w .  The photometric longitude w is determined in terms of the 
angles < , E  and a. The relation between. these values is represented 
in Figure 6. The phase .angle is within the range of. -180° < a < 
+180°. However, the photometric function for the same values of 
i and E is the same for the phases before and after full moon. This 
symmetry allows us to take the phase angle within the range of O o  
< a < 180°. Moreover, because of the condition of reciprocity, the 
selection of i ,  E and a for a given apparent center of the Moon 
determines the position of a point on the Moon ambiguously. The 

photometric function is completely un- 
ambiguous. If we define the photometric 
function in terms of the absolute value 
of w ,  then its unambiguity is lost f o r  
the given interval of a. For a given 
a and identical w ,  the values of the 
photometric function at the points Q 
and Q' differ (Fig. 7). 

In order to establish unambiguity 
in determining $ ,  we must agree on the 
sign of the value w .  Since w is read 
off from the point C along the intensity 
equator,wewill consider w to be positive 
if the measurements are carried out toward 
the terminator. 

Fig. 8. Determination 
of the Slope in Terms In order to determine the value of the 
of the Difference in slope in terms of the photometric func- 
Photometric Longitudes. tion, we must have an analytical or graphic 

representation of the latter. Let us use 
the graphic representation. Since we are speaking of the photometric 
function of the maria and the relief of areas which are of interest 
from the point of view of landing and subsequently moving the appara- 
tus along the surface, then we must assume that the slopes of the 
irregularities of the areas in which we are interested should be 
small (no more than 10-15O). The values f o r  the angle of incidence 
and the angle of reflection of the solar rays change by + y ,  compared 
to i and E for an even surface, and the value of the phase angle 
remains the same. The photometric function for an even surface is 
$ J ( i , E , a ) ,  and that for a sloped surface is I$ ( i + y ,  ~ + y , a ) .  For 
small angles of inclination, we can assume that the normal moves in 
the direction parallel to the intensity equator. This means that 
the value of w has changed by a value of +y. Figure 8 shows how 
the change in the normal by a value of A w  indicates that the area 
is sloped with respect to the horizontal plane y = + Aw. We will 
have the same for a negative slope. Thus, the problem of deter- 
mining the slopes is reduced to that of determining the difference 

9 

4 



F i g .  1. P h o t o g r a p h  o f  t h e  Moon O b t a i n e d  a t  t h e  Main A s t r o n o m i c a l  
O b s e r v a t o r y  o f  t h e  Academy o f  S c i e n c e s  o f  t h e  U k r a i n i a n  S . S . R .  
w i t h  t h e  Aid  o f  a 7 0 - C e n t i m e t e r  R e f l e c t o r  on  March 1 5 - 1 6 ,  1 9 6 5  
( I T ,  2 1 : 2 2 ) .  
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F i g .  11. The T h a l a s s o i d  K o r o l e v  A c c o r d i n g  t o  t h e  P h o t o g r a p h s  
o f  "Zond-3 . 



in brightness longitudes between the horizontal (spherical) elements 
of the lunar surface and those under investigation. 

Let us briefly discuss the question of what the "spherical" 
brightness curve of the lunar surface should be. It can be a theo- 
retical curve calculated for the case of y = 0 for a given phase, 
as the function of w according to the formulas of Hapke or Akimov. 
However, this type of curve is averaged over the albedo. The photo- 
metrically standard curves for different phases are given in [lS]. 
For a region near the terminator, the law for the change in bright- 
ness is close to orthotropic; therefore, a segment of the cosine 
curve can be taken as the spherical curve. However, since cali- 
brated negatives are not always available, we must often use, not 
the brightness distribution along the intensity equator, but the 
distribution of photographic density. In this case, we will obtain 
the spherical curve directly from measurements of the negative. 
We will select from all the regions those which have a smooth course 
for the change in density. 

The light flux can be recorded both photographically and photo- 
electrically in ground observations. In all cases, the detail of 
the information will depend on the resolution of the system. The 
photographic material is most convenient from the point of view of 
analyzing the incoming information: first of all, the region of 
interest to us can be examined repeatedly at any moment and, second- 
ly, the information can be read with the aid of a diaphragm corre- 
sponding to the allowance, which does not bring about a loss in in- 
formation. However, substantial requirements must be imposed on 
the photographic material: an investigation of a detailed structure 
of the relief requires the presence of large-scale photographs, and 
the atmospheric interference under the conditions of ground observa- 
tions require that the exposure be decreased, which involves an 
increase in the sensitivity of the photographic material, connected 
with an increase in grain size. For the photo-television method 
of transmitting information from space, it is desirable that the 
films have a sufficient photographic latitude, since the photo- 
metric method is used for the terminator zone of the Moon. 

The photometric method has a great advantage in that it is 
used for monoscope photographs of the Moon obtained at any distance. 
In particular, this refers to the photographs of the far side of 
the Moon which were obtained from the automatic interplanetary 
station "Zond-3" on July 20, 1965. 

A n a l y s i s  o f  P h o t o g r a p h s  o f  t h e  F a r  S i d e  o f  t h e  Moon 

Calculation of Photometric Parameters. The spacecraft "Zond-3" 
photographed the eastern portion of the far side of the Moon, which 
added largely to the information on the far side which was obtained 
in 1959. This permitted a global survey of the morphology of the 
Moon's surface C191. It was found that highlands are the predomin- 
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a n t  f o r m  o f  t h e  r e l i e f  o f  t h e  Moon. 

F i g .  9 .  D e t e r m i n a t i o n  o f  t h e  
P h a s e  P o i n t  ( 0  i s  t h e  p o i n t  R e -  
p r e s e n t i n g  t h e  C e n t e r  o f  t h e  
L u n a r  S p h e r e ;  Q i s  t h e  P o i n t  
o f  I n t e r s e c t i o n  o f  t h e  L u n a r  
S u r f a c e  w i t h  t h e  A x i s  o f  t h e  
Camera;  P i s  t h e  S u b - I n s t r u -  
m e n t a l  P o i n t ;  IT i s  t h e  P a r a l l a x  
o f  t h e  Moon; z i s  t h e  Z e n i t h  
D i s t a n c e  o f  t h e  P o i n t  Q ;  p i s  
t h e  Ang le  Between t h e  L i n e  o f  
S i g h t  a n d  t h e  Plumb L i n e ;  R i s  
t h e  R a d i u s  o f  t h e  Moon; D i s  
t h e  D i s t a n c e  f r o m  t h e  A p p a r a t u s  
t o  t h e  C e n t e r  o f  t h e  Moon). 

F i g .  1 0 .  S p h e r i c a l  T r i a n g l e  f o r  
D e t e r m i n a t i o n  o f  z .  

I n  o r d e r  t o  o b t a i n  t h e  h y p s o -  
m e t r i c  c h a r a c t e r i s t i c s  o f  t h e  f a r  
s i d e  o f  t h e  Moon, t h e  Main A s t r o -  
n o m i c a l  O b s e r v a t o r y  o f  t h e  Academy 
o f  S c i e n c e s  o f  t h e  U k r a i n i a n  S . S . R .  
u n d e r t o o k  a s t u d y  o f  i n d i v i d u a l  
n e g a t i v e s  on w h i c h  t h e  t e r m i n a t o r  
zone  w a s  p r i n t e d .  

L e t  u s  i n v e s t i g a t e  p h o t o g r a p h  
No. 2 2 ,  f o r  w h i c h  UT = 2 : 1 5 : 1 6 .  
The d i s t a n c e  f r o m  t h e  a p p a r a t u s  
t o  t h e  c e n t e r  o f  t h e  Moon w a s  

1 0 , 8 7 9  k m .  The s e l e n o g r a p h i c  c o o r d i n a t e s  o f  t h e  s u b - i n s t r u m e n t a l  
p o i n t  were  A = 122O55" a n d  B = -23O46 ' ,  a n d  t h e  c o o r d i n a t e s  o f  t h e  
s u b s o l a r  p o i n t  were  A 0 = -76O57 '  a n d  0 = 1O6 '36" .  The p o i n t  PQ 
( s e e  F i g .  5 )  i s  a n  o r t h o g o n a l  p r o j e c t i o n  o f  t h e  p o i n t  o f  t h e  Moon 
on t h e  p l a n e  of t h e  i m a g e .  The image  c a n  b e  c o n s i d e r e d  a s  o r t h o -  
g o n a l  i n  t h e  n e i g h b o r h o o d  o f  t h i s  p o i n t .  The e n t i r e  image  w a s  ob-  
t a i n e d  by a d i v e r g i n g  beam a n d  i s  a n  e x t e r n a l  p e r s p e c t i v e  p r o j e c -  
t i o n .  The p o s i t i o n  o f  e a c h  p o i n t  i n  t h e  p l a n e  o f  t h e  image  i s  d e -  
t e r m i n e d  by t h e  v a l u e  o f  i, E and  a. 

I n  o r d e r  t o  c a l c u l a t e  t h e  r e q u i s i t e  p a r a m e t e r s ,  we m u s t  d e t e r -  
mine  t h e  c o o r d i n a t e s  o f  t h e  a p p a r e n t  d i s k  o f  t h e  Moon, i . e . ,  t h e  
s o - c a l l e d  p h a s e  p o i n t  C ( F i g .  9 ) .  The h o r i z o n t a l  p a r a l l a x  w a s  
e q u a l  t o  9O11'5. The p o i n t  C i s  d e t e r m i n e d  by  t h e  a n g l e  z + p .  The 
v a l u e  o f  t h e  a n g l e  p i s  d e t e r m i n e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  for- 
mula  ( s e e  F i g .  9 ) :  

s'iii z 
-. . tan/" - -- 

coset x -  cos z 
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The value of z can be obtained by an investigation of the spherical 
triangle Q P S ,  where P is the pole of the Xoon (Fig. 10): 

cosZ=sin PQ sin ~ A + C O S  COS $ A  COS ( A A - ~ Q ) .  

Having determined the auxiliary angle 0 from A &PA, we can find 
A, and 8, :  

sin ( ; . A - - ~ L  =-- sin 0 
cos PA sin z 9 

sin ?c = sin PCJ cos (z -1-p) -i- cos PQ sin (2-I-p) COS 0, 
cos (z i -p)  - sin PC sin ?Q 

COS (Xc-hQj = 
cos ?C cos PQ 

Knowing the coordinates of the subsolar point and the apparent 
center of the disk, we will determine the phase angle thus: 

cos a= s in  Po sin B c i -  cos Bo cos pc cos (kc-).@) 

and the angle of incidence of the solar rays, i.e., 

cos i = sin Po sin FQ+ cos $0 cos P Q  cos ( k ~ - - ~ g ) .  

The angle of reflection of the solar rays E = z t p .  

Thus, we can determine each point on the photograph by the 
selenographic coordinates A and 8 ,  in terms of i, E and a. The 
selenographic coordinates of the details on the photographs of 
the Moon were determined according to a map corresponding to the 
photograph, which is given in [ 2 0 ] .  

Let us derive the formula to determine the photometric longi- 
tude from the spherical triangle QCS (see Fig. 6): 

cos E-cos i Cos a 
cos i sin a 

tan ( ~ + a )  --= _ _  
D 

This is necessary €or calculating the slopes. 

F o r  the observer an infinite distance away, the phase angle 
for all the points on the photograph can be considered as constant. 
In our case, we must calculate the apparent center for each small 
region, which will permit us to determine a. The region under 
investigation (Fig. 11) occurs in the zone around the terminator 
and is bounded by the coordinates of A from -155 to -170° and of 
8 from 0 to -loo. The phase angle in the vicinity of this region 
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c h a n g e s  f r o m  a = 4 5 O 5 0 '  ( f o r  t h e  r e g i o n  w i t h  c o o r d i n a t e s  o f  t h e  
c e n t e r  of  A = -160°, B = 0 ) .  

The e n t i r e  r e g i o n  u n d e r  i n v e s t i g a t i o n  
w a s  d i v i d e d  i n t o  t h r e e  p a r t s ;  t h e  v a l u e  
€or t h e  p h a s e  o f  e a c h  p a r t  w a s  t a k e n  a s  
c o n s t a n t .  I n  a d d i t i o n  t o  t h e  two r e g i o n s  
w e  h a v e  c i t e d ,  w e  t o o k  a r e g i o n  w i t h  co-  

f3 = - 5 O .  For i t ,  a = 4 6 O 2 0 ' .  T h u s ,  d e -  
p e n d i n g  on t h e  d i r e c t i o n  o f  t h e  l i n e  o f  
s i g h t  f o r  o u r  s e g m e n t ,  w e  h a v e  t h r e e  a p p a r -  
e n t  c e n t e r s  o f  t h e  Moon's  d i s k .  The d i r e c -  
t i o n  o f  t h e  c r o s s  s e c t i o n s  s h o u l d  c o i n c i d e  
w i t h  t h e  d i r e c t i o n  o f  t h e  i n t e n s i t y  e q u a t o r .  

yr o r d i n a t e s  o f  t h e  c e n t e r  o€  A = -160°, 

The p r o b l e m  i s  t o  d raw a p r o j e c t i o n  o f  
t h e  i n t e n s i t y  e q u a t o r  on t h e  p h o t o g r a p h  a n d  
t o  h a v e  t h i s  p r o j e c t i o n  r e p r e s e n t  a l a r g e  

I' b --\ 

D e t e r m i n a t i o n  o f  t h e  
P o s i t i o n  of  t h e  I n -  
t e n s i t y  E q u a t o r .  

c i r c l e  on t h e  s p h e r e ,  p a s s i n g  t h r o u g h  t h e  p o i n t  o f  t h e  a p p a r e n t  
c e n t e r  and  t h e  s u b s o l a r  p o i n t .  For t h i s ,  we mus t  d e t e r m i n e  t h e  
c o o r d i n a t e s  of s e v e r a l  p o i n t s  t h r o u g h  which  t h e  i n t e n s i t y  e q u a t o r  
p a s s e s .  L e t  u s  t r a n s f e r  t h e  e q u a t o r  i n  o u r  m i n d s  t o  t h e  p o i n t  C 
( F i g .  121, a n d  l e t  u s  e x a m i n e  t h e  r i g h t  t r i a n g l e  C M S ,  w i t h  M S  a s  
t h e  m e r i d i a n  o f  t h e  p o i n t  S a n d  t h e  c o o r d i n a t e s  o f  t h e  p o i n t  M a s  
X + Xe and  f 3 @  + @e. L e t  u s  d i v i d e  t h e  l i n e  o f  t h e  i n t e n s i t y  e q u a -  
t o r  i n t o  a number o f  i n t e r v a l s  ( f o r  e x a m p l e ,  e v e r y  5 O ) .  We w i l l  
o b t a i n  t r i a n g l e s  s i m i l a r  t o  C M S ,  f rom which  we c a n  f i n d  t h e  v a l u e s  
o f  X a n d  f3 f o r  a l l  t h e  p o i n t s  a l o n g  t h e  i n t e n s i t y  e q u a t o r .  I t  c a n  
b e  s e e n  f r o m  F i g u r e  1 2  t h a t  

. C O S L ,  

cos p, COS A, = - --- ; COS ?,=sin I,siii 8, 

From A C M S ,  we f i n d  t h a t  

The c o o r d i n a t e s  o f  t h e  p o i n t s  t h r o u g h  which  t h e  i n t e n s i t y  e q u a t o r  
i s  p l o t t e d  a r e  A = A, + A, a n d  = B n  + Be. 

T h r e e  i n t e n s i t y  e q u a t o r s  w e r e  c a l c u l a t e d .  

C o n s t r u c t i o n  o f  P h o t o m e t r i c  S e c t i o n s .  The p h o t o g r a p h  w a s  
m e a s u r e d  w i t h  t h e  a i d  o f  a n  a u t o m a t i c  r e c o r d i n g  m i c r o p h o t o m e t e r  
M F - 2 ,  w i t h  a r e c o r d  o f  t h e  b l a c k e n i n g  p o i n t s  on  t h e  r e c o r d e r  t a p e .  
The s c a n n i n g  w a s  c a r r i e d  o u t  a l o n g  t h e  l i n e s .  The s i z e  of t h e  
window w a s  d e t e r m i n e d  by t h e  w i d t h  o f  t h e  l i n e .  For a n  e n l a r g e -  
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ment  (X20), t h e  s i z e  o f  t h e  window w a s  e q u a l  t o  1 X 3 m m .  The e n -  
t i r e  r e g i o n  o v e r  w h i c h  t h e  t h a l a s s o i d  K o r o l e v  ( s e e  F i g .  11) w a s  
l o c a t e d  t o o k  up  2 0 0  l i n e s .  We r e c o r d e d  1 6 6  l i n e s .  The t e c h n i q u e  
of c o n s t r u c t i n g  t h e  p h o t o m e t r i c  s e c t i o n s  w a s  t h e  f o l l o w i n g .  The 
p h o t o g r a p h  was p r o j e c t e d  on a s c r e e n ,  on  w h i c h  t h e  c o o r d i n a t e  g r i d  
w a s  t h e n  p l o t t e d  a n d  t h e  d i r e c t i o n s  o f  t h e  s e c t i o n s  a l o n g  t h e  i n -  
t e n s i t y  e q u a t o r  w e r e  d e t e r m i n e d .  F o r t y  s e c t i o n s  were  made i n  a l l .  
The v a l u e  of  t h e  b r i g h t n e s s  w a s  d e t e r m i n e d  a t  t h e  p o i n t  o f  i n t e r -  
s e c t i o n  b e t w e e n  t h e  l i n e  a n d  t h e  d i r e c t i o n  o f  t h e  p h o t o m e t r i c  s ec -  
t i o n .  The number o f  p o i n t s  on t h e  p h o t o m e t r i c  s e c t i o n  v a r i e d  f r o m  
4 0  t o  9 0 .  T h i s  number o f  p o i n t s  a l l o w e d  a c o m p l e t e  d e s c r i p t i o n  
o f  t h e  c h a n g e  i n  h e i g h t s  ( F i g .  1 3 ) .  We t o o k  a c u r v e  c l o s e  t o  a 
c o s i n e  one  a s  t h e  b r i g h t n e s s  d i s t r i b u t i o n  c u r v e  a l o n g  a s u r f a c e  
w i t h  n o  m a c r o - i r r e g u l a r i t i e s  ( s o - c a l l e d  s p h e r i c a l  c u r v e ) ,  s i n c e  
t h e  r e g i o n  u n d e r  i n v e s t i g a t i o n  o c c u r r e d  i n  t h e  r a n g e  o f  a n g l e s  o f  
i n c i d e n c e  o f  8 0 - 9 0 ° .  The s e c t i o n  w a s  c o n n e c t e d  w i t h  t h e  s p h e r i c a l  
c u r v e  a t  t h e  p o i n t s  o f  t h e  s e c t i o n  w h e r e  w + a = 8 5 O .  The b r i g h t -  
n e s s e s  a l o n g  t h e  b r i g h t n e s s  m e r i d i a n  w t c1 = 8 5 O  c o i n c i d e d  for a l l  
s e c t i o n s ,  wh ich  showed t h e  i d e n t i c a l  o r i e n t a t i o n  o f  t h i s  d i r e c t i o n  
t o  t h e  i n c i d e n t  rays. 

F i g .  1 3 .  P h o t o m e t r i c  S e c t i o n  N o .  7 .  

I n  s t u d y i n g  t h e  r e l i e f  o f  t h e  far s i d e  o f  t h e  Moon, we made 
t h e  f o l l o w i n g  a s s u m p t i o n s :  (1) t h e  v i s i b l e  a n d  f a r  s i d e s  h a v e  a n  
i d e n t i c a l  m i c r o s t r u c t u r e ;  ( 2 )  t h e  f l o o r s  and  r i d g e s  o f  t h e  t h a l -  
a s s o i d  a r e  u n i f o r m  i n  t e r m s  o f  a l b e d o .  

D e s c r i p t i o n  o f  t h e  T h a l a s s o i d  K o r o l e v .  We d e t e r m i n e d  t h e  
c o o r d i n a t e s  o f  e a c h  p o i n t  A a n d  f3 f o r  a l l  t h e  p o i n t s  on t h e  s e c -  
t i o n ,  a s  w e l l  a s  t h e  i n c l i n a t i o n s  t o w a r d  t h e  s p h e r e  y a n d  t h e  
h e i g h t s  h i n  r e l a t i o n  t o  t h e  c l o s e s t  p o i n t ,  w h i c h  a r e  g i v e n  i n  
t h e  A p p e n d i x .  We c o n s t r u c t e d  t h e  p r o f i l e s  for a l l  t h e  s e c t i o n s .  
F i g u r e  1 4  g i v e s  t h e  p r o f i l e s  o f  t h e  h e i g h t s  a l o n g  t h e  s e c t i o n s  
( h e i g h t  s c a l e :  1 d i v i s i o n  i s  1 km).  The z e r o - p o i n t  o f  e a c h  s e c -  
t i o n  w a s  t a k e n  a s  t h e  p o i n t  wh ich  h a d  z e r o  i n c l i n a t i o n  t o  t h e  s p h e r e .  
T h e s e  p o i n t s  o c c u r  on t h e  b r i g h t n e s s  m e r i d i a n  o f  w + a = 85O. We 
w i l l  t a k e  t h e  g e o m e t r i c  p o s i t i o n  o f  t h e  p o i n t s  w i t h  z e r o  i n c l i n a -  
t i o n  a s  t h e  l e v e l  f o r  a l l  t h e  s e c t i o n s .  T h i s  a l l o w s  u s  t o  c o n s i d e r  
a l l  t h e  h e i g h t s  as  i n t e r c o n n e c t e d ,  a n d  t o  c o n s t r u c t  t h e  r e l a t i v e  
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c h a r t  o f  t h e  i s o - h e i g h t s  o f  t h e  t h a l a s s o i d .  The r e l a t i v e  e x c e s s e s  
o f  p o i n t s  a d i s t a n c e  of 5-10 km f r o m  e a c h  o t h e r  were  f o u n d  t o  b e  
e q u a l  t o  200-500 km, w h i c h  c o r r e s p o n d s  t o  d e v ' i a t i o n s  o f  1 / 2 0 .  Con- 
s i d e r i n g  t h e  v a l u e  o f  t h e  c h a n g e  i n  s l o p e s ,  w e  c a n  a s sume  t h a t  t h e  
i n n e r  s l a b  o f  t h e  t h a l a s s o i d  i s  s u r r o u n d e d  by  two r i n g - s h a p e d  f a u l t s .  
The r a d i u s  o f  t h e  i n n e r  s l a b  i s  2 O  i n  l o n g i t u d e ,  t h a t  o f  t h e  f i r s t  
r i n g  i s  4 O ,  a n d  t h a t  o f  t h e  s e c o n d  r i n g  i s  B o .  The s l o p e s  o f  t h e  
i r r e g u l a r i t i e s  o f  t h e  i n n e r  p o r t i o n  o f  t h e  t h a l a s s o i d  a r e  i n  c o r r e -  
s p o n d e n c e  w i t h  t h e  s l o p e s  o f  t h e  s c a r p s  o f  t h e  m a r i a  r e g i o n s  on t h e  
v i s i b l e  s i d e ,  a n d  o c c u r  w i t h i n  t h e  r a n g e  o f  0 - 2 O .  The i r r e g u l a r i t i e s  
o f  t h e  f i r s t  r i n g  h a v e  i n c l i n a t i o n  o f  2 - 4 O ,  and  t h o s e  o f  t h e  s e c o n d  
h a v e  3 - 7 O .  The s e c o n d  r i n g  i s  s p e c k l e d  w i t h  c r a t e r s .  The r i d g e s  
o f  t h e s e  c r a t e r s  h a v e  s l o p e s  o f  10-25O. 

F o r m a t i o n s  s i m i l a r  t o  t h e  t h a l a s s o i d  w e r e  f o u n d  on t h e  v i s i b l e  
s i d e  a f t e r  r e c t i f i c a t i o n  o f  t h e  l u n a r  p h o t o g r a p h s  [21]. T h e s e  f o r m a -  
t i o n s  i n c l u d e  [221 Mare N e c t a r i s ,  Mare Humorum, Mare Imbr ium,  Mare 
Humbold t i anum,  Mare O r i e n t a l i s ,  e t c .  T h u s ,  r i n g - s h a p e d  f a u l t s  a n d  
m o u n t a i n  c h a i n s  a p p a r e n t l y  s h o u l d  accompany a l l  t h e  m a r i a  o f  r e g u l a r  
s h a p e s .  I t  i s  p o s s i b l e  t h a t  t h e  e s t a b l i s h m e n t  o f  s u c h  a c h a r a c t e r -  
i s t i c  o f  t h e  e n t i r e  s u r f a c e  o f  t h e  Moon w i l l  show t h a t  t h e  v a s t  
r i n g - s h a p e d  b a s i n s  a r e  t h e  o l d e s t  f o r m a t i o n s ,  a r i s i n g  a s  a r e s u l t  
o f  t h e  d e p o s i t  o f  t h e  l u n a r  c r u s t .  The r i d g e s  o f  s u n k e n  c r a t e r s  
c a n  b e  s e e n  a t  t h e  b o t t o m  o f  many m a r i a ;  h o w e v e r ,  t h e r e  a r e  many 
f e w e r  s u c h  r i d g e s  i n  m a r i a  o f  r e g u l a r  s h a p e s  t h a n  i n  t h o s e  o f  
i r r e g u l a r  s h a p e ,  s u c h  a s  O c e a n u s  P r o c e l l a r u m ,  Mare Nubium and  Mare 
T r a n q u i l l i t a t i s .  The e x i s t e n c e  o f  phan tom c r a t e r s  i n d i c a t e s  t h a t  
t h e  b a s i n s  a r e  f i l l e d  w i t h  l a v a ,  b u t  t h a t  t h e  t h i c k n e s s  o f  t h e  
l a v a  v a r i e s .  C o n s i d e r i n g  t h e  p h o t o g r a p h s  o f  t h e  f a r  s i d e  o f  t h e  
Moon, t h e  t h a l a s s o i d  K o r o l e v  d o e s  n o t  show a n y  phan tom c r a t e r s  a t  
t h e  b o t t o m  or damaged c r a t e r s  a l o n g  t h e  e d g e s .  T h i s  c h a r a c t e r i s t i c  
i s  a l s o  o b s e r v e d  i n  t h e  t h a l a s s o i d  w i t h  c o o r d i n a t e s  o f  t h e  c e n t e r  
O f  6 = 0 ,  h = -131O. 

The r e l i e f  o f  t h e  v i s i b l e  s i d e  o f  t h e  Moon i s  s m o o t h e r .  T h i s  
i s  p o s s i b l y  t h e  r e s u l t  o f  t h e  e r u p t i o n  o f  l a v a  i n  t h e  r e g i o n  o f  
Mare Imbr ium a n d  i t s  s u b s e q u e n t  s p r e a d i n g  o v e r  t h e  e n t i r e  hemi-  
s p h e r e .  

A c o m p a r i s o n  o f  t h e  n e a r  a n d  f a r  s i d e s  o f  t h e  Moon would b e  
more c o m p l e t e  i f  t h e r e  w e r e  a h y p s o m e t r i c  map o f  b o t h  h e m i s p h e r e s .  
T h i s  would  a l l o w  u s  t o  e v a l u a t e  d i f f e r e n t  l e v e l s  o f  t h e  m a r i a  
r e g i o n s  a n d  s i m i l a r  a r e a s ,  a s  w e l l  a s  t h e  d e p t h s  o f  c r a t e r s ,  a n d  
it would  a i d  i n  f i n d i n g  t h e  p r i n c i p a l  f a c t o r s  a f f e c t i n g  t h e  o r i g i n a -  
t i o n  o f  t h e  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  l u n a r  r e l i e f .  
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-3 58 0.24 
-1.71 

0.34 
0.98 
0 

-1.10 
-4 18 +0.37 

2.53 
3.32 
2.37 

4 24 2.95 
5.56 
1.22 
4.06 
3.61 

+ 378 
243 
34 1 
244 
476 

1316 
2209 

$2 
I096 + 1045 

0 
20 

648 
-150 + 10 

108 
-72 1 

77 
502 

0 
190 
87 

108 
48 

284 

+ 160 
28 

31 
330 

0 
-130 
+I63 

524 
713 
504 

1051 
1318 
252 

1147 
377 

1357 
460 
74 1 

-205 

-151 

Section 10 
1 -15558' -7."04 

2 
3 
4 
5 
6 
7 
8 
9 

10 
I 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

156 42 
156 55 
157 19 
157 44 
158 47 
15939 
I1 59 57 
160 33 
160 44 
161 05 
161 59 
$1 62 00 
162 10 
162 28 
163 00 
163 14 
163 28 
163 40 
163 54 
164 30 
164 53 
165 05 
165 50 
166 15 
16642 
166 57 
167 18 
167 57 
16806 
168 30 
168 57 
169 06 
169 30 
169 42 

-~ 
3.07 

+ 1.57 
4.07 

1.26 
-3 53 2.83 

1.48 
2.04 
1.28 

-4 10 2.60 
0.60 
I .64 

0 

-3'15' 3.75 

-1.96 

1.24 
-4 18 0.52 

1.32 
0.60 
1.20 

4 3 1  +0.40 
-0.73 
+0.89 

3.53 
-4 37 1.47 

2.57 
1.83 
3.53 
I .37 
3.16 
2.74 
4.10 
3.08 
5.54 
3.31 

Section 11 
1 -15548 0 
2 15553 -3 18 -4.90 -1106 
3 156'18 +0.52 + 44 
4 15625 333 -5.93 -1709 
5 15649 7.55 1705 
6 15711 0.62 398 
7 15825 358 0 0 
8 15860 +5.86 +I546 
9 159 16 409 -2.04 -788 

-2085 
31 I 
498 

+no 
1550 

-1 166 
222 

1072 
I74 
554 
444 
213 
67 

328 
0 

I29 
54 

108 
58 
37 + 74 

- 85 + 386 
755 
315 
269 
444 

1124 
I83 
730 
593 
430 

+690 
736 
708 

0 

2 3  



A P P E N D I X  ( c o n t ' d )  

10 -015Y56' 
11 160 1.5 
12 16035 
13 16056 
14 161 20 
15 16149 
16 16213 
17 16240 
18 163 13 .. . . ~  ~~ 

19 16333 
20 16353 
21 16404 
22 16424 
23 16435 
24 16444 
25 16505 
26 16530 
27 16602 ~~~ ~~ 

28 166 28 
29 16638 
30 16712 
31 16750 
32 16806 
33 iGio 
34 16845 
35 16915 
36 16940 

-2."74 
- I  .56 

2.49 
2.05 

428' 3.17 
1.41 
2.20 
1.41 

4 39 1.95 
1.85 
0.15 
1.95 
1.22 
0.00 

447 i2 .44 
0.78 
0.34 
I .56 

-500 5.43 
3.54 
4.80 
3.26 

1' -156 1 1  
2 15645 
3 15702 

Section 12 

4 15710 
5 15738 
6 15804 
7 1'58 32 
8 15850 
9 15910 

IO 15931 
I 1  15953 
12 160 12 
13 16032 
14 16050 
15 16123 
16 16147 
17 16208 
18. 162 28 
19 16238 

0.68 
1.60 
I .37 
3.60 
2.80 

4 . m  
1.24 
2.22 

4 0 9  0.69 + 10.00 
1.49 
9.00 

--.I .m 
4 33 2.42 

1.50 
2.67 
0.46 
2.7 1 
0.75 

4 53 -2.34 
0.97 
2.73 
0.34 

5bl ,  1.32 

-525 
-230 

538 
426 
730 
268 
457 
488 
303 
384 

15 
360 
I42 

0 
+489 + 175 

I03 
330 
608 
552 
440 
805 
313 

1289 
864 

1210 
34 I 

-2557 
I72 
186 
217 + 1569 
357 

1615 
-186 

45 1 
257 
494 
96 

518 
24 I 

4 6 8  
230 
467 
039 
087 

20 -162'48' 
21 16258 
22 16347 
23 164 23 
24 16447 -~ ... .. 

25 16500 
26 16523 
27 16547 
28 16600 
29 16623 
30 16634 
31 16700 
32 16710 
33 16725 
34 16748 
35 16800 
36 16820 
37 16830 
38 16840 
39 16850 
40 16930 
41 16950 

-0."49 
2.44 
I .56 

0 
-S*10' +0.78 

-0.20 + 1.75 
0.34 
1.56 
1.07 

SI7 0.11 
1.94 
1.50 
4.94 
2.33 
4.39 

520 3.11' 
2.39 
4.56 
2.50 
4.28 
3.56 

Section 13 
1 -15555 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

15607 4 3 6  
1 .% 50 

158 17 
158 34 
158 50 
15900 
15911 500 
159 42 
160 14 
160 23 
160 34 
160 58 
161 10 521 
161 22 
161 32 
161 55 
162 16 
16227 
I62 39 
16300 530 
16325 ' 

-6.46 
4.36 

0 
+6.79 
-1.75 + 10.0 
-2.62 

0.87 
2.08 
0.09 
3.42 
1.56 
I .83 
1.48 
228 
I .05 
2.38 
2.14 
5.24 

2.19 
0.76 
I .57 
0.89 

i.ar 

- 55 
1028 
480 

0 + OB7 
-040 
+335 

35 
297 
95 
28 

I72 
257 

1104 
293 
653 
595 
251 
605 
279 
960 
790 

-960 
1687 

0 
+2276 
4 7 5  

+I727 
-507 

a7 
21 I 
28 

985 
113 
176 
318 
219 
139 
158 
49 1 

1007 
213 
98 

157 
325 
394 

2 4  



-1."21 
-t 0.24 

-5"35' 0.05 
0.95 

-0.16 + 1.58 
n 

2.58 
0 89 

5 42 2.00 
1.53 
2 . w  
1.20 
2.2 1 
3.76 
1 xn 
3.58 

Section 14 
J - l ~ , l< f l s  ' -4 39 -3.55 

4 56 n 
4.10 

$- 1.55 

-I  69 
t0.71 

1). I 
506  -].!)I 

3. I3  
0.W 
2.78 
n VI 

-5 15 1 0:) 
2.83 
3.13 
1.87 
3.30 

-526 1.04 
3.40 
1.30 
3.65 

537 0.50 
0.15 
2.74 

+3.16 - 1.37 
0.10 
0.68 

553 +0.10 

-1 15 + 0:ix 
il 

I 1;o 
-038 
+I30 

0 

1811 
415 
25 I 
118 
0 70 
122 
4.51 

770 

288 

s n  

-507 
1 4 9 A  + 4 4  

0 
-200 + 48 

9..0 
-I92 

mr) 
I Rri 

-214 
I27 
39.3 
272 
415 
2.27 
616 
2,w 
693 

75 
785 
118 
32 

+ G58 
-423 

19 
197 + 19 

892 

31 

*xi 
34 
35 
36 
37 
n:1 
:!'I 
.Ill 
4 1  
4 2 

, I  e, 
. I .  

1 
2 
3 
4 
5 
(i 
7 
8 
9 

IO 
I 1  
12 
1.7 
1 
15 
I (5 
17 
I X  
I9 
20 
21 
22 
2.4 
24 
25 
26 
27 

29 

3 i  
32 
33 

2.8 

3n 

0.84 
2.42 
2.05 
1.32 
4.95 

- 1  n 26 
.'i I!4 
3 37 
1.37 
4 . ( I 3  

15 
-2 I r )  

,'\ :1 
4 56 0 323 

I .61 
-1. (I. I 

1 6  
- 1  79 

5 IG I ? : <  
2 1.3 
0.5 
1.17 

( I  'I2 
2.83 
1.17 

531 4 .04  
I f " t  
I .0 
3.36 
4.79 

2 
-0.5 

n 
1.62 

-GOO +I.!iR 
- 1  .I% 

0.18 
0.52 + 1.33 

-0.67 
6.11 +2.38 

0.2 
3.19 

548 0 .  
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A P P E N D I X  (cont'd) 

36 
37 
38 
39 
40 
41 

1 
2 
3 
4 
5 
6 
7 
8 
9 

I O  
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

34 --1669)3' + 1."57 
35 16643 2.52 

167 11 -6'18' 1.6 
167 23 3.24 ~ 

167 35 2.48 
168 15 2.95 
16860 620 3.68 
168 55 3.21 

section 16 
156 00 
156 I7 
156 24 
156 34 
I57 W 
157 IO 
157 28 
157 52 
158 02 
I58 20 
158 40 
158 58 
159 08 
I59 26 
159 56 
160 15 
160 38 
160 52 
161 26 
161 58 
162 10 
16235 
163 00 
163 26 
163 50 
164 00 
164 15 
164 50 
16!500 
165 24 
165 58 
166 10 
166 20 
I66 42 
166 55 
167 05 

5 15 -2.68 
0.5 
1.86 

528 + I 2 7  
-0.55 

0 ', 

1.73 + 0.27 
-547 -2.71 

2.74 
1.58 
4.14 

5 57 1.82 
2.57 
0.64 
4.05 

609 0.8 
609 2.52 

1.1 
I .9 
0.75 
0 

620 0 
2.1 1 

+1.0 
-1.8 
+0.9 

+ 1.5 
2.65 
1.45 
0 

630 0 

I67 48 4.26 
16800 -6'40' 2.95 

+ 486 
562 
134 
480 
606 
283 
925 
309 

-372 
03 1 
143 + 276 

4 4 2  
0 

47 1 
+On 
-44 1 

486 
256 
418 
605 
417 
102 
694 
I43 
764 
334 
210 
178 

0 
0 

436 
+088 
-200 + 180 

0 
-1-335 

824 
162 

0 
407 
163 
358 
890 
447 
216 

39 -168'36' -6*4V +3."36 
40 16900 5.00 
41 16912 6.33 
42 16924 4.33 
43 ,16948 7.06 

Section 17 
1-15543 
2 15550 
3 15623 
4 15647 
5 15704 
6 157 11 
7 167 21 
8 15730 
9 15755 

10 15806 
11 15844 
12 15902 
13 15924 
14 15948 
15 15958 
16 16010 
17 16031 
18 16043 
19 16053 
20 161 14 
21 16138 
22 161 48 
23 16200 
24 162 12 
25 162 35 
26 IFi2S8 ~~ . . ~  .~ 

27 16310 
28 16320 
29 16342 
30 16407 
31 16417 
32 i6429 
33 16441 
34 16505 
36 16515 
36 16528 
37 16552 
3s iSSi i  
39 16628 
40 16641 
41 16706 

-547 -2.75 
4.1 1 

557 +3.00 
4 . 8 6  

0.18 + 10.00 
I .57 

10.00 
6 12 1.68 

- I  .82 
2.73 
3.64 

627 2.27 
0 
1 .oo 
0.15 
1.1 
2.05 
1.7 

-635 2.5 
1 .a 

+n.is 
- 1.35 

0.75 
2.15 

+0.4 
- 1.25 

645 0.3 
1.8 

+0.95 
-0 .75  
4 1 . 4  
0.35 . ~- 
0.89 

654 0.26 
I .58 
1 .D 
I .47 
2.00 
I .26 

6 6 7  3.00 

+518 
1100 
800 

1029 
743 

-173 
1186 + 703 

-683 
012 

+775 
133 

2344 
144 

-577 
510 
348 
459 

0 
1 I6 
026 
I I5 
182 
334 
558 
160 

+016 - 150 
205 

+ 53 
- 1 1 1  

60 
402 + 85 

- 84 
+I24 

80 
85 
31 

328 
214 
164 
237 
272 
849 

382 

2 6  



APPENDIX (cont'd) 

44 
45 
46 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

I - - .. 

42 -167'44' +2."68 
43 16832 -79)(y 4.42 

16844 3.47 
169 a5 4.42 
16950 6.50 

Section 18 
155 40 
15558 
156 16 
15626 
156 36 
156 42 
157 10 
157 28 
157 38 
157 46 
157 56 
158 32 
158 50 
159 10 
159 20 
15938 
159 58 
160 10 
160 31 
160 43 
160 53 
161 05 
161 27 
161 50 
16202 
162 15 
162 46 
162 58 
163 10 
163 31 
163 51 
164 05 
164 15 
164 26 
164 37 
164 50 
165 25 
I65 48 

4 5 0  -4.70 
2.0 
1.67 
5.1 I 
3.11 

609 5.00 
+0.63 
10.0 
4.52 
7.0 

622  -2.89 
0 
2.8 
2.0 

637 3.13 
1 .o 
2.27 
I .67 
2.5 
1.9 
4.2 

.6 55 1.8 
4.9 
0.5 
2. I 
0.7 
2.7 

-7 03 1.0 
2.5 
I .2 

+0.2 

+ 0.35 
-708 -1.15 

0 
0.15 

-7 12 1.0 
0.45 
2.2 

1% 00 0.9 
.. 16626 2.37 
41 16654 -717 1.32 

+I115 
625 

1562 
988 

2278 

- 8 0 6  
297 
142 
394 
266 

I208 + 98 
864 
387 
601 

-85 I 
0 

523 
I85 
530 
I86 
230 
338 
271 
163 
426 
345 
986 
58 

235 
21 I 
420 

80 
502 
240 + 22 

-102 + 70 
0 

17 
155 
96 

24 I 
I87 
578 
412 

42 --167"30' +4."32 
43 16743 2.26 
44 16810 2.37 
45 16830 -7'20' 4.80 
46 16850 3.42 
47 16912 7.00 
48 
49 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

I69 24 6.26 
170 00 10.00 

Section 19 
155 52 
156 10 
156 23 
157 05 
157 33 
157 42 
158'17 
158 43 
159 02 
159 I 1  
159 22 
1 59 30 
15943 
160 85 
160 16 
160 37 
160 58 
161 20 
161 35 
162 08 
I62 30 
163 05 
163 20 

~ 16343 
25 16353 
26 16402 
27 16424 
28 16438 

30 18500 
31 165512 
32 16606 
33 16632 
34 16654 
35 167 44 
36 16756 
37 16830 
38 16925 

29 -164 60 

-2.15 
0.38 

-4 16 4.53 
+4.58 

' -2.96 
1.65 

6 35 +0.54 
-2.04 

1.19 
3.38 
2.00 

651 4.19 
2.05 
3.00 
2.10 
4.10 
2.19 

7 17 1.42 
2.28 

+0.33 
--I .05 
4 . 5 5  

723 1.95 
+0.95 
-0.95 
+0.10 
-4 .65  
0 
0 + 1.65 

-7 35 0.55 
2.06 
2.89 
0.44 
2.44 
2.06 

740 4.44 
6.72 

+536 
507 
530 

1310 
734 
675 

2230 
I262 

-349 
95 

I126 
3.1075 
-274 

524 
+ I 2 5  

92 
290 
185 
749 
208 
304 
393 
796 
461 
150 
658 + 74 

-326 
- 61 

347 + 126 
- 6 5  + 20 
- 74 

0 
0 + 184 

24 I 
429 
648 
168 
323 
690 

I876 
641 

-348 

t '  

2 7  



APPENDIX (cont'd) 

Section 20 
I -155O54' 
2 15619 
3 15654 
4 15710 
5 15736 
6 15747 
7 15756 
8 15813 
9 15823 

IO 15858 
I 1  15925 -. 

12 i595i 
13 16000 
14 16010 
15 16036 
16 16100 .. 

17 iSi 23 
18 16200 
19 16226 
20 16240 
21 16300 
22 i6314 
23 16358 
24 16421 
25 16521 
26 16544 
27 16610 
28 16632 
29 16644 
30 16717 
31 I68 15 
32 16900 

-6"24' -6."69 
5.37 

642  -1.41 
+ 2 5  

0 
2.15 
0.83 

665 0.56 
0.92 + 1.59 

709 -4.98 
1.91 
2.93 
1.72 
2.60 
5.07 

737 1.12 
+3.02 

-0.88 
1.95 
0.60 

442 1.53 
+0.14 

1.39 
756 1.61 

0 
4.56 + 1.78 

0.44 
2.78 
4.67 

800 6.06 

Section 21 
1 155 19 636 -2.62 
2 15538 3.52 
3 15546 2.48 
4 156 11 -5.83 
5 15628 667 1.66 
6 15704 +0.55 

8 15738 -0.34 
9 15746 1.66 

10 15803 717 0.52 
11 16812 +0.31 
12 16847 1.18 

7 15730 - 1.4.1' 

-1406 
1756 

+4756 
-408 

0 
-184 

71 
49 

314 
$392 

--'I317 
I95 
292 
330 
499 
976 
347 

+806 - 40 
378 

63 
547 + 29 
196 
313 

0 - 98 
+P4 

15 
330 

1942 
765 

-507 
166 
443 
194 
285 + 124 

-99 
26 

247 
40 + 92 
368 

13 -159"24' 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

I' 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

19 

159 43 
160 15 
16040 
160 50 
161 12 
161 46 
161 58 
162 34 
162 58 
163 17 
163 20 
164 05 
164 31' 
164 41 
165 08 
165 20 
16530 
165 43 
167 06 
167 19 
167 40 
167 52 
168 05 
168 17 
168 30 
168 42 

-7."3(Y -3.'"83 -683 
4.81 
0.76 
2.43 
1.05 

747 5.90 
0.62 
I .90 
0.57 
2.00 + 1.33 

803  -0.33 
0.71 + 1.33 
0 
1.38 

8 16 0 
0.90 

4 . 1 9  + 2.66 
8 18 . 2.30 

4.00 
2.90 
5.95 
4.45 

-820 6.95 
5.02 

Section 
15534 700 
155 43 
156 17 

157 38 
i5754 734 
158 14 
158 '22 
I58 32 
158 50 
159 10 
15920 749 
159 48 
160 07 
160 25 

160 60 

22 
-2.18 

3.93 + 1.57 
0 
0.39 
4.36 

-0.46 
+0.89 

0 
-1.43 
+2.64 

8.00 
4.1 I 

4 . 9 6  + 1.50 
-3.77 

2.09 
4.61 

- 1.55 

-1425 
173 
208 
220 

1715 
65 

551' 
118 
I64 

+140 
-1 26 

154 + 149 
0 

143 
0 

53 
-1 13 
+256 

768 
776 
345 
792 

+467 
926 + 1826 

-151 
1314 

+ I 3 4  
0 

60 
71 1 

- 70 + 131 
0 

-90 
+225 
1307 
51 1 - 98 + 385 

-703 
389 
761 
184 

2 8  



A P P E N D I X  (cont'd) 

_ _  
-248 

- f X i  
sx 

4 - m  17  
-171 
4- 57 
- ( 2  
-1 517 
- 25 

52 
+- r I .1 
-297 

2 i o  
225 
i r f i  
328 
797 
IO5 
171 

+514 
-157 

I91 

I04 
4-432 

0 
-1 17 
i- 130 

826 

:! 

I 

2 9  
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A P P E N D I X  (cont'd) 

'i 

(i 
7 
8 
9 

I O  
I I  
12 
I3 
I .! 
1 :I 
16 
17 
18 
19 
20 
21 
22 
2:1 
2 4 
2 5 
26 
27 
28 
29 
30 
31 
32 
33 
31 
35 
36 
37 
a8 

> 

1 
2 
3 
4 
5 
6 
7 
8 
9 

155 40 3.57 
1.61 
2.16 
0.m 

-8"18' -t 2.7: 
10.00 
0.19 

-1.23 
n PO 

- 1 . 1 1  
8 34 4 0 .30 

n +I -+ 1.15 
- I .on 

1.95 

1 (i5 05 I :I2 
I61 52 +3.05 

16529 931 1.53 
I6552 1 .or, 
16605 2.89 
I l i l  27 1.79 

Section 26 

IS5 27 
15.5 53 
156 00 
156 10 
156 29 
15637 - 
I56 54 
157 22 
157 38 

-5.54 
5.18 
2.2 1 
3.57 
2.64 

-838 +1.04 
4.07 

4 . 7 1  
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S T R U C T U R A L  C H A R A C T E R I S T I C S  O F  SOME C R A T f R S  O N  T H E  
F A R  S I D E  OF T H E  M O O N  

M. N . Mi r o n o v a  

A B S T R A C T :  The p r o f i Z e s  of 2 9  c r a t e r s  on t h e  
f a r  s i d e  of t h e  Moon a r e  r e v i e w e d .  The pho to -  
graphs  o b t a i n e d  by t h e  a u t o m a t i c  i n t e r p z a n e t a r y  
s t a t i o n  Zond-3 were u s e d .  The p h o t o m e t r i c  
method of i n v e s t i g a t i n g  t h e  Zunar s u r f a c e  was 
appZ ied ,  and t h e  method of o b t a i n i n g  t h e  pro -  
f i Z e s  of c r a t e r s  f r o m  Zunar pho tographs  t a k e n  
f r o m  a s p a c e c r a f t  i s  d e s c r i b e d .  The s i z e  and 
f o r m  of t h e  Zunar c r a t e r s  on t h e  f a r  s i d e  a r e  
s i m i l a r  t o  t h o s e  on t h e  near  s i d e .  The d e p t h -  
t o - d i a m e t e r  r a t i o s  o b t a i n e d  f o r  t h e  c r a t e r s  
under  i n v e s t i g a t i o n  a r e  t h e  same a s  t h o s e  assum- 
ed for t h e  e r u p t i v e  c r a t e r s .  The oZder c r a t e r s  
have g r e a t e r  d imens ions  and d e p t h s  and Zook 
l i k e  a r r c u p r r .  younger  c r a t e r s  have i n n e r  
shapes  i n  t h e  form of t h e  f r u s t u m  of a c o n e .  
I t  appears  t h a t  t h e  c r a t e r  f o r m a t i o n s  on t h e  
f a r  and n e a r  s i d e s  of t h e  Moon a r e  t h e  same. 

A n n u l a r  s t r u c t u r e s  a r e  o n e  of t h e  most  r e m a r k a b l e  f e a t u r e s  o f  
t h e  l u n a r  r e l i e f .  Many y e a r s  o f  s t u d i e s  on s u c h  f o r m a t i o n s  on t h e  
n e a r  s i d e  o f  t h e  Moon. h a v e  a l l o w e d  u s  t o  e s t a b l i s h  t h e  c h a r a c t e r -  
i s t i c s  of  t h e i r  s t r u c t u r e ,  t o  f i n d  t h e  s t a t i s t i c a l  d e p e n d e n c e s  
b e t w e e n  t h e  m a g n i t u d e s  c h a r a c t e r i z i n g  t h e i r  f o r m ,  a n d  e v e n  t o  d raw 
c o n c l u s i o n s  o n  t h e  n a t u r e  o f  t h e  p r o c e s s  of t h e  a r i s a l  o f  r i n g -  
s h a p e d  m o u n t a i n s  o n  t h e  Moon. 

The r i n g  f o r m a t i o n s ,  o f  s i z e s  r a n g i n g  f r o m  s e v e r a l  h u n d r e d s  
o f  k i l o m e t e r s  t o  o n e - h a l f  a m e t e r  and  s m a l l e r ,  c o v e r  t h e  s u r f a c e  
of  t h e  Moon i n  a s o l i d  m o s a i c  s t r u c t u r e .  T h e i r  s h a p e  v a r i e s :  
c u p - l i k e  f o r m a t i o n s  a n d  o n e s  i n  t h e  fo rm of  t h e  f r u s t u m  o f  a c o n e  
c a n  b e  d i s t i n g u i s h e d  El]. I t  i s  p o s s i b l e  t h a t  t h e  “ r o u n d n e s s “  of  
t h e  f o r m  i s  f r e q u e n t l y  l o s t  [ 2 ]  b e c a u s e  o f  r u p t u r e s  a n d  f a u l t s  i n  
t h e  l u n a r  c r u s t .  The i n n e r  s l o p e s  of  t h e  r i d g e s  o f  a l l  t h e  c r a t e r s  
a r e  s t e e p e r  t h a n  t h e  o u t e r  o n e s .  I t  h a s  b e e n  e s t a b l i s h e d  t h a t  t h e  
c u r v a t u r e  o f  t h e  i n n e r  s l o p e  d e c r e a s e s  w i t h  a n  i n c r e a s e  i n  t h e  
d i a m e t e r  o f  t h e  c r a t e r .  C r a t e r s  w i t h  c e n t r a l  m o u n t a i n s  u s u a l l y  
h a v e  more s t e e p l y  a s c e n d i n g  r i d g e s  t h a n  c r a t e r s  o f  t h e  s a m e  s i z e  
w i t h o u t  c e n t r a l  p e a k s  [l]. 

The “ S c h r b t e r  r u l e f 1 ,  a c c o r d i n g  t o  wh ich  t h e  i n t e r n a l  volume o f  
t h e  c r a t e r  i s  e q u a l  t o  t h e  volume o f  masses e j e c t e d  f r o m  i t ,  i s  
n o t  s a t i s f i e d  for a l l  o b j e c t s  [SI. 
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I t  h a s  b e e n  e s t a b l i s h e d  t h a t  t h e  r a t i o  b e t w e e n  t h e  d e p t h  and  
t h e  d i a m e t e r  o f  l u n a r  c r a t e r s  i s  w e l l  r e p r e s e n t e d  by  t h e  d e p e n d e n c e  
o b t a i n e d  f o r  s i m i l a r  c h a r a c t e r i s t i c s  o f  e r u p t i v e  c r a t e r s  [ 4 , 5 1 .  
S t u d i e s  of  t h e  a g e  s e q u e n c e  o f  t h e  r i n g  f o r m s  h a v e  shown t h a t ,  i n  
t h e  m a j o r i t y  o f  t h e  c a s e s ,  t h e  y o u n g e r  c r a t e r s  a r e  s m a l l e r  i n  s i z e  
a n d  t h e i r  b o t t o m s  a r e  d e e p e r  [SI. The r i n g  f o r m a t i o n s  on t h e  f a r  
s i d e  o f  t h e  Moon do n o t  d i f f e r  f rom l i k e  o b j e c t s  on t h e  n e a r  s i d e  
i n  t e r m s  o f  t h e i r  g e n e r a l  n a t u r e  a n d  s t r u c t u r e  [SI. I t  h a s  b e e n  
o f  i n t e r e s t  t o  o b t a i n  t h e  q u a n t i t a t i v e  c h a r a c t e r i s t i c s  which  d e s c i b e  
t h e  s h a p e  and  s t r u c t u r e  o f  t h e  r i n g  f o r m a t i o n s  on t h e  f a r  s i d e  of  
t h e  Moon, a n d  to compare  them w i t h  t h e  known c h a r a c t e r i s t i c s  o f  
f o r m a t i o n s  on t h e  n e a r  s i d e .  

A d e s c r i p t i o n  o f  t h e  method o f  o b t a i n i n g  t h e s e  c h a r a c t e r i s t i c s  
and  t h e  p r i n c i p a l  r e s u l t s  a r e  g i v e n  i n  t h i s  s t u d y .  Some of  them 
were  p u b l i s h e d  i n  E l l ] .  

The h e i g h t  p r o f i l e s  o f  a b o u t  40 c r a t e r s  were  c o n s t r u c t e d  a n d  
s u c h  c h a r a c t e r i s t i c s  o f  t h e  c r a t e r s  as  t h e  p r i n c i p a l  d i a m e t e r ,  t h e  
d e p t h ,  d i a m e t e r  of t h e  f l o o r ,  c u r v a t u r e  o f  t h e  s l o p e s  of t h e  r i d g e s ,  
e t c .  were  t a k e n .  

We u s e d  t h e  p h o t o g r a p h s  o f  t h e  f a r  s i d e  o f  t h e  Moon which  were  
o b t a i n e d  f rom t h e  a u t o m a t i c  i n t e r p l a n e t a r y  s t a t i o n  r rZond-3" .  The 
c h a r a c t e r i s t i c s  of  t h e s e  p h o t o g r a p h s  a r e  g i v e n  i n  T a b l e  1. The 
n e g a t i v e s  were  m e a s u r e d  on t h e  a u t o m a t i c  m i c r o p h o t o m e t e r  MF-4 w i t h  
a r e c o r d  of t h e  b l a c k e n i n g s  on t h e  r e c o r d e r  t a p e .  The s c a n n i n g  
w a s  c a r r i e d  o u t  a l o n g  t h e  l i n e s .  The s i z e  o f  t h e  a p e r t u r e  w a s  
0 . 0 5  x 0 . 1 5  m m .  

I 
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The p h o t o m e t r i c  method o f  s t u d y i n g  i r r e g u l a r i t i e s  i n  t h e  l u n a r  
s u r f a c e  w a s  u s e d  i n  o r d e r  t o  o b t a i n  t h e  h e i g h t  p r o f i l e s  o f  t h e  
c r a t e r s .  The method s e l e c t e d  f o r  s t u d y i n g  t h e  r e l i e f  a l l o w e d  u s  
t o  c o n s t r u c t  t h e  h e i g h t  p r o f i l e s  o f  t h e  l i g h t e d  r i d g e s  a n d  c r a t e r s ,  
a c c o r d i n g  t o  one  n e g a t i v e ,  w h i l e  t h e  shadow method would g i v e  o n l y  
one  c h a r a c t e r i s t i c  i n  t h i s  c a s e  - t h e  h e i g h t  o f  t h e  r i d g e .  

The p r i n c i p a l  t h e o r i e s  o f  t h e  p h o t o m e t r i c  method a r e  d e s c r i b e d  
i n  [ 7 - 9 1 ,  where  t h e  r e s u l t s  o f  i t s  a p p l i c a t i o n  t o  p h o t o g r a p h s  o f  
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t h e  Moon o b t a i n e d  f r o m  t h e  E a r t h  a r e  a l s o  g i v e n .  A s t u d y  o f  t h e  
n e g a t i v e s  t r a n s m i t t e d  b y  t h e  AIS 11Zond-3" r e q u i r e d  a f u r t h e r  d e v e l -  
opment  of  t h e  p h o t o m e t r i c  method w i t h  a c o n s i d e r a t i o n  o f  t h e  c h a r a c -  
t e r i s t i c s  o f  t h e  Moon p h o t o g r a p h s  o b t a i n e d  a t  c l o s e  r a n g e .  The 
method which  w e  u s e d  i s  d e s c r i b e d  b e l o w .  

For  t h e  g r o u n d  o b s e r v e r ,  t h e  maximum d i f f e r e n c e  b e t w e e n  p h a s e  
a n g l e s  f o r  r e g i o n s  o f  t h e  l u n a r  s u r f a c e  a t  t h e  c e n t e r  a n d  i n  t h e  
v i c i n i t y  o f  t h e  l i m b  i s  w i t h i n  t h e  r a n g e  o f  0 . 5 O .  For a p h o t o -  
m e t r i c  i n v e s t i g a t i o n  o f  s u c h  a n e g a t i v e ,  t h i s  v a l u e  i s  d i s r e g a r d e d ,  
a n d  i t  i s  assumed t h a t  t h e  d i r e c t i o n  f r o m  t h e  o b s e r v e r  t o  t h e  c e n -  
t e r  of  t h e  Moon and  t h a t  f r o m  t h e  o b s e r v e r  t o  a n y  p a r t  of t h e  l u n a r  

s u r f a c e  a r e  p a r a l l e l .  I n  t h i s  c a s e ,  
t h e  image o f  t h e  Moon on t h e  n e g a t i v e  
c a n  be  c o n s i d e r e d  as  a p e r s p e c t i v e  
o r t h o g r a p h i c  p r o j e c t i o n .  . - , M  

The d i f f e r e n c e  b e t w e e n  t h e  d i r e c -  
t i o n s  t o  t h e  s p a c e c r a f t  f o r  t h e  c e n t r a l  
and  l i m b  r e g i o n s  c a n  b e  s u b s t a n t i a l  
on p h o t o g r a p h s  of t h e  Moon o b t a i n e d  
f r o m  a s p a c e c r a f t  ( a t  a s h o r t  d i s t a n c e ) .  
I t  r e a c h e s  9 O  for t h e  n e g a t i v e s  f r o m  

d e v e l o p e d  i n  [ 7 - 9 1 ,  t h o s e  r a t h e r  s m a l l  

c pP--.-v 1 f '  1 

.. ... _-  '>:W7 ' Q" 

(?;\ 

F i g .  1. "Zond-3".  I n  o r d e r  t o  u s e  t h e  method 

r e g i o n s  o f  t h e  l u n a r  s u r f a c e  f o r  wh ich  t h e  image  on t h e  n e g a t i v e  
c o u l d  be  c o n s i d e r e d  a s  an  o r t h o g r a p h i c  p r o j e c t i o n  were  t a k e n  f o r  
t h e  i n v e s t i g a t i o n .  I n  s t u d y i n g  t h e  c r a t e r s ,  t h e  d i m e n s i o n s  o f  t h e s e  
r e g i o n s  were  l i m i t e d  b y  t h e  d i m e n s i o n s  o f  t h e  c r a t e r  i t s e l f .  I t  
w a s  n e c e s s a r y  t o  f i n d  t h e  p o s i t i o n  of t h e  c e n t e r  o f  t h e  Moon's  d i s k  
a s  s e e n  i n  t h i s  d i r e c t i o n ,  a n d  t o  c o n s t r u c t  t h e  c o r r e s p o n d i n g  i n -  
t e n s i t y  e q u a t o r  f o r  e a c h  s u c h  r e g i o n  p r o j e c t e d  on t h e  n e g a t i v e  by 
a p a r a l l e l  p e n c i l  o f  r a y s .  

L e t  u s  d e t e r m i n e  t h e  s e l e n o g r a p h i c  c o o r d i n a t e s  o f  t h e  c i t e d  
" c e n t e r  o f  t h e  d i s k "  a c c o r d i n g  t o  t h e  known c o o r d i n a t e s  of  t h e  p o i n t  
o f  t h e  s u r f a c e  b e l o w  t h e  a p p a r a t u s  and  t h e  c e n t e r  of t h e  r e g i o n  u n d e r  
i n v e s t i g a t i o n .  The l a t t e r  were  t a k e n  f r o m  map N o .  1 8  ( s c a l e  1 : 5 0 0 0 0 0 0 )  
i n  C111. 

L e t  u s  examine  F i g u r e  1. L e t  C b e  t h e  c e n t e r  o f  t h e  l u n a r  s p h e r e ;  
K i s  t h e  p o s i t i o n  o f  t h e  s p a c e c r a f t  a t  t h e  moment of  t h e  p h o t o g r a p h -  
i n g  Q n  i s  t h e  r e g i o n  o f  t h e  l u n a r  s u r f a c e  u n d e r  i n v e s t i g a t i o n ;  < 
CKO,  = p i s  t h e  a n g l e  b e t w e e n  t h e  d i r e c t i o n s  t o  t h e  c e n t e r  o f  t h e  
l u n a r  s p h e r e  and  t o  t h e  r e g i o n  u n d e r  i n v e s t i g a t i o n .  G n  i s  t h e  c e n t e r  
o f  t h e  l u n a r  d i s k  s e e n  f r o m  i n f i n i t y  i n  t h e  d i r e c t i o n  K Q n .  From 
t h e  o b l i q u e  t r i a n g l e  K C Q n  

sin Z 
cosec n-COS z 

t a n p  = 9 
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where  IT i s  t h e  p a r a l l a x  o f  t h e  Moon a t  a d i s t a n c e  o f  KC, z i s  t h e  
a n g u l a r  d i s t a n c e  on  t h e  l u n a r  s p h e r e  b e t w e e n  t h e  p o i n t  on t h e  s u r -  
f ace  b e l o w  t h e  a p p a r a t u s  a n d  t h e  c e n t e r  o f  t h e  r e g i o n  u n d e r  i n v e s -  
t i g a t  i o n .  

The s e l e n o g r a p h i c  c o o r d i n a t e s  A, a n d  B n  o f  t h e  " c e n t e r  o f  t h e  
a p p a r e n t  d i s k "  were  c a l c u l a t e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  f o r m u l a s :  

where  X ,  B and  XA, BA a r e  t h e  s e l e n o g r a p h i c  c o o r d i n a t e s  o f  t h e  c e n -  
t e r  o f  t h e  r e g i o n  u n d e r  i n v e s t i g a t i o n  and  t h e  p o i n t  on t h e  s u r f a c e  
b e l o w  t h e  a p p a r a t u s ,  r e s p e c t i v e l y .  The c o o r d i n a t e s  of t h e  " c e n t e r  
o f  t h e  a p p a r e n t  d i s k "  c a l c u l a t e d  a c c o r d i n g  t o  t h e  f o r m u l a s  i n  ( 1 )  
a l l o w e d  u s  t o  f i n d  t h e  p h a s e  a n g l e s  a, for t h e  r e g i o n s  o f  t h e  l u n a r  
s u r f a c e  u n d e r  i n v e s t i g a t i o n .  

s 

F i g .  2 .  F i g .  3 .  

The p h o t o m e t r i c  c r o s s  s e c t i o n  o f  t h e  c r a t e r  p a s s e d  t h r o u g h  i t s  
c e n t e r  p a r a l l e l  t o  t h e  i n t e n s i t y  e q u a t o r  of  t h e  c o r r e s p o n d i n g  r e g i o n .  
The p o s i t i o n s  o f  a l l  t h e  l o c a l  i n t e n s i t y  e q u a t o r s  were  d e t e r m i n e d  
a c c o r d i n g  t o  t h e i r  r a t i o  w i t h  t h e  p r i n c i p a l  i n t e n s i t y  e q u a t o r .  The 
l a t t e r  r e p r e s e n t e d  a h a l o  a r o u n d  t h e  Moon, p a s s i n g  t h r o u g h  t h e  s u b -  
s o l a r  and  s u b - i n s t r u m e n t a l  p o i n t s .  
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I n  o r d e r  t o  p l o t  t h e  p r i n c i p a l  i n t e n s i t y  e q u a t o r  o n  t h e  n e g a -  
t i v e ,  it w a s  n e c e s s a r y  t o  know t h e  s e l e n o g r a p h i c  c o o r d i n a t e s  o f  a 
number of  i t s  po in t s :  W e  w i l l  examine  a r e g i o n  o f  t h e  l u n a r  s p h e r e  
( F i g .  2 )  f o r  t h i s  p u r p o s e .  A S  i s  t h e  p r i n c i p a l  i n t e n s i t y  e q u a t o r ,  
a n d  A S '  i s  t h e  s e l e n o g r a p h i c  p a r a l l e l  p a s s i n g  t h r o u g h  t h e  s u b -  
i n s t r u m e n t a l  p o i n t  A ;  SS' i s  t h e  a r c  of t h e  m e r i d i a n  p a s s i n g  t h r o u g h  
t h e  s u b s o l a r  p o i n t  S. L e t  u s  s i n g l e  o u t , a  number o f  p o i n t s  o n  t h e  
p r i n c i p a l  i n t e n s i t y  e q u a t o r  ( n e a r  t h e  s u b - i n s t r u m e n . t a 1  p o i n t )  L 1 ,  L 2 ,  
L 3 ,  ..., L n ,  w i t h  p h o t o m e t r i c  c o o r d i n a t e s  of  2 1 ,  2 2 ,  2 3 ,  ..., 2 ,  a n d  
b l  = 0 ,  b2 = 0 ,  b3 = O,.. . ,bY1 = 0 ,  i . e . ,  w i t h  c o o r d i n a t e s  a s s i g n e d  
t o  t h e  p l a n e  of t h e  p r i n c i p a l  i n t e n s i t y  e q u a t o r .  We c a n  f i n d  f r o m  
t h e  r i g h t  s p h e r i c a l  t r i a n g l e s  SAS' a n d  L n A L n '  t h a t  

where  2, i s  t h e  p h o t o m e t r i c  l o n g i t u d e  o f  t h e  n - t h  p o i n t ,  wh ich  i s  
r e a d  o f €  f r o m  t h e  s u b s o l a r  p o i n t  and  i s  p o s i t i v e  i n  t h e  d i r e c t i o n  
t o w a r d  t h e  s u b - i n s t r u m e n t a l  p o i n t .  The f o r m u l a s  i n  ( 2 )  a i d  i n  
d e t e r m i n i n g  t h e  s e l e n o g r a p h i c  c o o r d i n a t e s  of a number o f  p o i n t s  
o f  t h e  p r i n c i p a l  e q u a t o r  and  t o  p l o t  them f i r s t  on t h e  map a n d  t h e n  
on t h e  n e g a t i v e .  

The p o s i t i o n s  o f  t h e  l o c a l  i n t e n s i t y  e q u a t o r s  were  d e t e r m i n e d  
i n  t h e  f o l l o w i n g  way. L e t  u s  a g a i n  examine  a r e g i o n  o f  t h e  l u n a r  
s p h e r e  ( F i g .  3 ) .  The p o i n t s  S a n d  A h a v e  t h e  same s i g n i f i c a n c e  
as  i n  F i g u r e  2 .  Gn i s  t h e  c e n t e r  o f  t h e  a p p a r e n t  d i s k  for t h e  
r e g i o n  u n d e r  i n v e s t i g a t i o n ,  SGn i s  t h e  i n t e n s i t y  e q u a t o r  o f  t h i s  
r e g i o n ,  a n d  S A  i s  t h e  p r i n c i p a l  i n t e n s i t y  e q u a t o r .  The a r c  SGn = 
a n  i s  m e a s u r e d  a c c o r d i n g  t o  t h e  p h a s e  a n g l e  o f  t h e  r e g i o n  u n d e r  
i n v e s t i g a t i o n .  I t  i s  e a s y  t o  f i n d  t h i s  a n g l e  a c c o r d i n g  t o  t h e  
known c o o r d i n a t e s  of  t h e  s u b s o l a r  p o i n t  S and t h e  c o o r d i n a t e s  o f  t h e .  
p o i n t  Gn o b t a i n e d  a c c o r d i n g  t o  t h e  f o r m u l a s  i n  ( 2 ) .  

The a n g l e  o n  t h e  s p h e r e  A $  b e t w e e n  t h e  p r i n c i p a l  a n d  l o c a l  
i n t e n s i t y  e q u a t o r  o f  t h e  r e g i o n  u n d e r  i n v e s t i g a t i o n  c a n  b e  f o u n d  
a c c o r d i n g  t o  t h e  f o l l o w i n g  f o r m u l a ,  d e r i v e d  f r o m  t h e  s p h e r i c a l  
t r i a n g l e :  

cos/) - cos a cos a, 

sin asin a, 
____ C O s A ' ?  = - 

(3) 

Knowing t h e  a n g l e  $ 0  , which  i s  c o n s t r u c t e d  b e t w e e n  t h e  p r i n -  
c i p a l  i n t e n s i t y  e q u a t o r  a n d  t h e  r e c o r d  l i n e  on t h e  n e g a t i v e  ( i n  
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the r e g i o n  o f  t h e  s u b - i n s t r u m e n t a l  p o i n t ,  as w e l l  as t h e  a n g l e  A $ ) ,  

F i g .  4. 

F i g .  7 
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it i s  e a s y  t o  c a l c u l a t e  t h e  a n g l e  $n = $ 0  + A $  b e t w e e n  t h e  l o c a l  
i n t e n s i t y  e q u a t o r  and  t h e  r e c o r d  l i n e .  T h i s  a n g l e  i s  a l s o  con-  
s t r u c t e d  b e t w e e n  t h e  r e c o r d  l i n e  and  t h e  c o r r e s p o n d i n g  p h o t o m e t r i c  
p a r a l l e l  p a s s i n g  t h r o u g h  t h e  c e n t e r  of t h e  c r a t e r .  The l a t t e r  
a l l o w s  u s  t o  p l o t  t h e  p o s i t i o n  of t h e  p h o t o m e t r i c  c r o s s  s e c t i o n  
o n  t h e  n e g a t i v e .  

F i g u r e  4 g i v e s  a n  e n l a r g e d  p r i n t  o f  p a r t  o f  a n e g a t i v e  w i t h  
a n  image  o f  t h e  c r a t e r  Avogadro ,  i n  c r o s s - s e c t i o n  f o r m .  The p h o t o -  
g r a p h i c  d e n s i t i e s  were t a k e n  a t  t h e  p o i n t s  o f  i n t e r s e c t i o n  b e t w e e n  
t h e  c r o s s  s e c t i o n  a n d  t h e  r e c o r d  l i n e ,  and  t h e  c u r v e s  o f  d e n s i t y  
d i s t r i b u t i o n  a l o n g  t h e  s e c t i o n  o f  t h e  c r a t e r  s e l e c t e d  were  con-  
s t r u c t e d .  

F i g .  5 .  

P h o t o m e t r i c  u n i f o r m i t y  w a s  s u g g e s t e d  f o r  a l l  t h e  r e g i o n s  o f  
t h e  l u n a r  s u r f a c e  u n d e r  i n v e s t i g a t i o n .  A s p h e r i c a l  c u r v e  r e p r e s e n t -  
i n g  t h e  b r i g h t n e s s  d i s t r i b u t i o n  o f  t h e  h o r i z o n t a l  r e g i o n s  l o c a t e d  
on  t h e  i n t e n s i t y  e q u a t o r  w a s  c o n s t r u c t e d  a l o n g  t h e  f l o o r s  o f  t h e  
c r a t e r s .  The s m a l l  d i f f e r e n c e  i n  p h a s e  a n g l e s  f o r  a l l  t h e  c r a t e r s  
s t u d i e d  ( w i t h i n  t h e  l i m i t s  o f  4 O )  showed t h a t  we c o u l d  l i m i t  o u r -  
s e l v e s  t o  one  s p h e r i c a l  c u r v e  f o r  e a c h  n e g a t i v e .  The s p h e r i c a l  
c u r v e  for t h e  22nd p h o t o g r a p h  i s  c o n s t r u c t e d  i n  F i g u r e  5 ( a b s i c s s a ,  
p h o t o m e t r i c  l o n g i t u d e ;  o r d i n a t e ,  p h o t o g r a p h i c  d e n s i t y ) .  

I t  w a s  assumed t h a t  t h e  r e g i o n s  o f  t h e  l u n a r  s u r f a c e  which  a r e  
i d e n t i c a l l y  o r i e n t e d  h a v e  i d e n t i c a l  b r i g h t n e s s e s  a n d ,  c o r r e s p o n d i n g -  
l y ,  i d e n t i c a l  p h o t o g r a p h i c  d e n s i t i e s .  

The s l o p e s  o f  s m a l l  r e g i o n s  o f  t h e  c r a t e r  r i d g e  ( 4  x 4 k m )  were  
d e t e r m i n e d  a c c o r d i n g  t o  t h e i r  r e l a t i o n  w i t h  t h e  s e l e c t e d  p a r t  o f  
t h e  f l o o r  o f  t h i s  c r a t e r .  The d i f f e r e n c e  i n  a l b e d o  b e t w e e n  t h e  
floor and r i d g e  o f  t h e  c r a t e r ,  which  w a s  i n s i g n i f i c a n t  f o r  h i g h l a n d  
o b j e c t s ,  w a s  n o t  c o n s i d e r e d .  The method o f  d e t e r m i n i n g  t h e  s l o p e s  
a c c o r d i n g  t o  t h e  d i f f e r e n c e  i n  p h o t o g r a p h i c  d e n s i t i e s  w a s  t h e  same 
a s  i n  [ S I .  F o r  an  e x a m p l e ,  F i g u r e  5 shows a s u p e r p o s i t i o n  o f  a 
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s p h e r i c a l  c u r v e  for t h e  d i s t r i b u t i o n  o f  d e n s i t i e s  a l o n g  a s e c t i o n  
p a s s i n g  t h r o u g h  t h e  c e n t e r  of t h e  c r a t e r  Avogadro .  The p a r t s  o f  
t h e  s e c t i o n  w h i c h  o c c u r  above  t h e  s p h e r i c a l  c u r v e  a r e  i n c l i n e d  i n  
t h e  d i r e c t i o n  t o w a r d  t h e  Sun.  Those  o c c u r r i n g  be low a r e  i n c l i n e d  
away f r o m  t h e  Sun.  The a n g l e  o f  i n c l i n a t i o n  of  t h e  r e g i o n  u n d e r  
i n v e s t i g a t i o n  i s  m e a s u r e d  a c c o r d i n g  t o  t h e  d i f f e r e n c e  i n  l o n g i t u d e s  
o f  t h i s  r e g i o n  a n d  t h e  h o r i z o n t a l  u n i t  o f  t h e  l u n a r  s u r f a c e  whose 
p h o t o g r a p h i c  d e n s i t y  i s  e q u a l  t o  t h e  d e n s i t y  o f  t h e  u n i t  u n d e r  
i n v e s t i g a t i o n .  

20 4 0  4tv4 

F i g .  6 .  

F i g u r e  6 g i v e s  a s c h e m a t i c  d i a g r a m  of t h e  c o n s t r u c t i o n  o f  t h e  
h e i g h t  p r o f i l e  f o r  t h e  c r a t e r  Avogadro .  The r e l a t i v e  h e i g h t s  a r e  
p l o t t e d  a l o n g  t h e  o r d i n a t e  a x i s ,  and t h e  d i s t a n c e s  be tween  c e n t e r s  
o f  t h e  u n i t s  o f  t h e  s u r f a c e  u n d e r  s t u d y  a r e  p l o t t e d  a l o n g  t h e  
a b s c i s s a  a x i s .  T h e s e  d i s t a n c e s  s e r v e d  a s  t h e  b a s e s  by which we 
c o u l d  c a l c u l a t e  t h e  r e l a t i v e  h e i g h t s  a c c o r d i n g  t o  t h e  measu red  
i n c l i n a t i o n .  We t o o k  t h e  r e g i o n  of t h e  f l o o r  o f  t h e  c r a t e r  s e l e c t e d  
(marked  o f f  by an a r r o w )  a s  t h e  z e r o  l e v e l  f o r  r e a d i n g  t h e  h e i g h t s .  
The s l o p e s  were  d e t e r m i n e d  a c c o r d i n g  t o  t h e i r  r e l a t i o n  w i t h  t h e  
t e n t a t i v e l y  h o r i z o n t a l  r e g i o n .  

F i g u r e  7 shows a p a r t  o f  t h e  map o f  t h e  f a r  s i d e  o f  t h e  Moon, 
w i t h  an i n d i c a t i o n  o f  t h e  d i r e c t i o n s  o f  t h e  c r o s s  s e c t i o n s  o f  t h e  
c r a t e r s  u n d e r  i n v e s t i g a t i o n .  

I n  t h e  a r t i c l e  e n t i t l e d  “ H e i g h t  P r o f i l e s  o f  2 9  C r a t e r s  on t h e  
F a r  S i d e  o f  t h e  Moon“ i n  t h i s  c o l l e c t i o n ,  t h e  p r o f i l e s  o f  c r a t e r s  
o b t a i n e d  by t h e  method we h a v e  d e s c r i b e d  a r e  g i v e n .  

An a n a l y s i s  o f  t h e s e  p r o f i l e s  a l l o w e d  u s  t o  d e t e r m i n e  t h e  
c h a r a c t e r i s t i c s  o f  e l e m e n t s  i n  t h e  s t r u c t u r e  o f  t h e  c r a t e r s  b e i n g  
s t u d i e d .  T h e s e  c h a r a c t e r i s t i c s  a r e  g i v e n  i n  T a b l e  2 ,  i n  which  t h e  
i n d e x  number o f  t h e  c r a t e r  i s  n o t e d  ( s e e  F i g .  7 a l s o ) ;  t h e  number 
o f  t h e  f i g u r e  i n  t h e  Append ix ;  t h e  number o f  t h e  o b j e c t  a c c o r d i n g  
t o  t h e  c a t a l o g u e  p u b l i s h e d  i n  [ll], t h e  name o f  t h e  c r a t e r  f rom t h e  
l i s t  o f  s u g g e s t e d  names i n  [ll], t h e  s e l e n o g r a p h i c  c o o r d i n a t e s  o f  
t h e  c e n t e r  o f  t h e  c r a t e r  A n ,  f3n, t h e  number o f  t h e  p h o t o g r a p h  N 
o b t a i n e d  f rom t h e  A I S  “Zond-3I1; t h e  p r i n c i p a l  d i a m e t e r  d ,  m e a s u r e d  
a c c o r d i n g  t o  t h e  c e n t e r  b e t w e e n  c r e s t s  i n  t h e  r i d g e ;  t h e  d i a m e t e r  
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T A B L E  2 

N'o. 
C r a t e r  

; 9 N o .  z z  ~ 1 1 1  C r a t e r  ~11.1 
O b j e c t  N a m e  Of 

... . __ 

1 
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3 
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5 
6 

7 

8 

9 
I O  
1 1  
12 

13 

14 
15 

16 
17 
19 
19 
20 

21 
22 
23 
24 
24 

25 
26 

27 

28 
29 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 
13 
14 
15 

16 

17 
18 

19 
20 
21 
22 
23 

24 
25 
26 
27 
27 

28 
29 

30 

31 
32 

81 
9B 

82F 
50 

9A 
51B 

51A 

59 

60 
51 J 
51 J 
46G 

51CE 

46H 
45 

41 II 
41GH 
55 E 
43 
42 A 

5 5 c  
41 €3 
250 
41A 
41A 

41BB 
25 

41BB 

27H 
20 

G e r a s i m o v i c h  

L i n d b lad 
I o f f e  

- 
M o h o r o v i c i c  

J o n e s  

S h a r o n o v  

- 
- 

Kimura 

M i c h e l s o n  

-. 
- 

- 
- 

Kr a s 0;s k y 
Obruchev  

H e l m e r t  
T i k h o v  
Avogadro  
Avogadro  

S e c h e n o v  

0 .  S c h m i d t  

- - 

- 

- 
Langemak 

A 

~ 

.28.5' 
131 .o 
131 . o  
131.5 
131 .O 
131-0 
1 3 1  .o 
132.0 
134.0 

134.0 

135.0 

126.0 
136 0 
1X7.0 
138.5 

138.5 

141 . 0  
142.0 

142.5 
143.(l 
143.0 
142.5 
143.5 

145.0 
1 4 <5 .5 
14-1.5 
I46.O 
146.0 

146.5 
146.5 

147.0 

149.0 
151 .O  

1 

-26.P 
02.0 
12.0 
27.0 
16.5 
16.5 
16.5 
11.0 
20. (J 

18.5 

23.5 

27.0 
17.5 
17.(1 
16.5 

ls.o 
13.0 
12.0 

18.0 
17.0 
2.5.0 
20.0 
19.5 

26.0 
15.5 
11.5 
17.0 
17.0 

15.5 
9 . 5  

20.0 

13.0, + 0 . 5  

28 
28 
26 
28 
28 
26 
22 
26 
28 
22 
28 
26 
22 
28 
22 
28 
28 
28 
28 
28 
22 
28 
26 
28 
28 
22 
28 
28 
28 
28 
28 
22 
28 
28 
28 
28 
26 
22 

28 
26 
28 
22 
28 
22 

28 
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T A B L E  2 (cont'd) 
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23 

4 
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20 
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13 
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2 a l l o w e d  u s  t o  e s t a b l i s h  some p a r t i c u l a r  
f e a t u r e s  o f  t h e  s t r u c t u r e  of t h e  r i n g - s h a p e d  
m o u n t a i n s .  F i g u r e  8 g i v e s  a c u r v e  e x p r e s s -  
i n g  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  d i a m e t e r s  

Group I i n c l u d e d  t h e  o l d e s t  c r a t e r s  s t u d i e d ,  whose r i d g e s  and  
f l o o r s  were  damaged by  y o u n g e r  c r a t e r s  which  had  fo rmed  a t  a l a t e r  
t i m e .  For  e x a m p l e ,  o f  t h e  two s u p e r p o s i n g  c r a t e r s  K r a s o v s k y  and 
H e l m e r t ,  t h e  f i r s t  c r a t e r  s h o u l d  b e  r e l a t e d  t o  g r o u p  I ,  s i n c e  i t s  
r i d g e  w a s  damaged by  t h e  c r a t e r  H e l m e r t ,  wh ich  fo rmed  l a t e r ,  and  
whose r i d g e s  were  damaged by e v e n  s m a l l e r  c r a t e r s .  The c r a t e r  He l -  
m e r t  w a s  i n c l u d e d  i n  g r o u p  11, which  i s  t h e  i n t e r m e d i a t e  g r o u p .  
Group I11 i n c l u d e d  c r a t e r s  whose d e t a i l s  were  w e l l  p r e s e r v e d .  

The a g e  d i v i s i o n  of  t h e  c r a t e r s  which  we h a v e  d e s c r i b e d  w a s  a l s o  
r e f l e c t e d  i n  t h e  c h a r a c t e r i s t i c s  o f  t h e i r  s t r u c t u r a l  e l e m e n t s .  Group 
I j o i n e d  t o g e t h e r  t h e  l a r g e s t  c r a t e r s ,  whose p r i n c i p a l  d i a m e t e r  
w a s  e q u a l  t o  3 0 - 1 0 0  km,  a n d  whose d e p t h  w a s  2-5 km ( a  d e p t h  o f  2 . 5  
km p r e d o m i n a t e s ) .  The c r a t e r s  were  s h a p e d  l i k e  a cup  ( f o r  e x a m p l e ,  
I o f f e ,  Langemak, M i c h e l s o n ,  e t c . ) ,  a n d  t h e  r i d g e s  a n d  f l o o r s  w e r e  
b r o k e n  up by  s m a l l e r  c r a t e r s  ( S e c h e n o v ,  G e r a s i m o v i c h ,  M o h o r o v i v i v ) .  
Most of  them had  c e n t r a l  m o u n t a i n s  ( M i c h e l s o n ,  G e r a s i m o v i c h ,  e t c . ) .  

Group I1 i n c l u d e s  c r a t e r s  w i t h  d i a m e t e r s  o f  20-50 k m  a n d  d e p t h s  
o f  1 - 3  km. The s h a p e  i s  e i t h e r  l i k e  a cup ( A v o g a d r o ,  0 .  S c h m i d t ,  
O b r u c h e v ,  e t c . )  or i n  t h e  f o r m  o f  t h e  f r u s t u m  of  a c o n e  ( T i k h o v ,  
27H, e t c . ) .  A s  w a s  a l r e a d y  m e n t i o n e d ,  t h i s  g r o u p  h a s  i n t e r m e d i a t e  
c h a r a c t e r i s t i c s .  
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Group I11 i n c l u d e s  t h e  p a r a s i t i c  a n d  i n d i v i d u a l  c r a t e r s  w i t h  
d i a m e t e r s  o f  1 6 - 4 0  km a n d  d e p t h s  o f  0 .5 -4  km. Most o f  t h e  c r a t e r s  
a r e  s i m i l a r  i n  f o r m  t o  t h e  f r u s t u m  of a cone  (42A, 5 1 5 ,  41B,  41BB, 
e t c . ) .  T h e s e  c r a t e r s  h a v e  t h e  g r e a t e s t  d e v i a t i o n  i n  c u r v a t u r e  o f  
t h e  i n n e r  s l o p e s  (2-13'). 

The c h a r a c t e r i s t i c s  o f  t h e  s t r u c t u r e  o f  c r a t e r s  o f  d i f f e r e n t  
a g e s  make u s  t h i n k  t h a t ,  d u r i n g  t h e  d e v e l o p m e n t  o f  t h e  l u n a r  r e l i e f ,  
t h e r e  w a s  one  f o r c e  which  a c t e d ,  f o r m i n g  r i n g - s h a p e d  m o u n t a i n s  wh ich  
were  a t  f i r s t  l a r g e  and  t h e n  s m a l l e r .  The d i f f e r e n c e  i n  s h a p e s  
o f  t h e  l a r g e  a n d  s m a l l  c r a t e r s  w h i c h  i s  o b s e r v e d  w a s  due  t o  t h e  
l o n g e r  e f f e c t  o f  e r o s i o n  on t h e  o l d e r  r i d g e s  o f  t h e  l a r g e  c r a t e r s .  

T h u s ,  t h e  c h a r a c t e r i s t i c s  c o n t a i n e d  i n  T a b l e  2 and  t h e  p a r t i -  
c u l a r  f e a t u r e s  i n  t h e  s t r u c t u r e  o f  s i n g l e  c r a t e r s  a l l o w  u s  t o  d raw 
t h e  f o l l o w i n g  c o n c l u s i o n s  c o n c e r n i n g  t h e  r i n g  f o r m a t i o n s  ( c r a t e r s )  
on t h e  f a r  s i d e  o f  t h e  Moon: 

1. The s i z e  a n d  s h a p e  of t h e  r i n g - s h a p e d  m o u n t a i n s  on t h e  
f a r  s i d e  o f  t h e  Moon which  we have  s t u d i e d  a r e  s i m i l a r  t o  t h o s e  
o f  a n a l o g o u s  f o r m a t i o n s  on t h e  n e a r  s i d e .  

2 .  J u s t  a s  for t h e  n e a r  s i d e ,  t h e  c u r v a t u r e  o f  t h e  i n n e r  
s l o p e s  of  t h e  r i d g e s  of t h e  c r a t e r s  s t u d i e d  a r e  g r e a t e r  t h a n  t h o s e  
of  t h e  o u t e r  s l o p e s .  

3 .  The r e l a t i o n s h i p s  o b t a i n e d  b e t w e e n  t h e  d i a m e t e r s  a n d  d e p t h s  
of t h e  c r a t e r s  o b e y  t h e  d e p e n d e n c e  e s t a b l i s h e d  for e r u p t i v e  c r a t e r s .  

4 .  The o l d e r  c r a t e r s  h a v e  g r e a t e r  s i z e  and  d e p t h .  T h e i r  s h a p e  
i s  s i m i l a r  t o  t h a t  o f  a c u p ,  w h i l e  t h e  s h a p e  of  t h e  y o u n g e r  c r a t e r s  
i s  c l o s e  t o  t h e  f r u s t u m  of  a c o n e .  

5 .  The asymmetry  b e t w e e n  t h e  n e a r  a n d  f a r  h e m i s p h e r e s  n o t e d  
by  t h e  f i r s t  r e s e a r c h e r s  s t u d y i n g  t h e  f a r  s i d e  o f  t h e  Moon w a s  n o t  
r e f l e c t e d  i n  t h e  s t r u c t u r e  o f  t h e  r i n g - l i k e  m o u n t a i n s  on t h e  f a r  
s i d e  of t h e  Moon. A s  i n v e s t i g a t i o n s  showed ,  t h e  n a t u r e  and  s t r u c -  
t u r e  of  t h e s e  f o r m s  o f  t h e  r e l i e f  a r e  i d e n t i c a l  on t h e  n e a r  and 
f a r  s i d e s  o f  t h e  Moon. 
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H E I G H T  P R O F I L E S  O F  T W E N T Y - N I N E  C R A T E R S  O N  
T H E  F A R  S I D E  O F  T H E  M O O N  

M.N.  M i r o n o v a  

ABSTRACT:  The p r o f i l e s  o f  29  c r a t e r s  on t h e  f a r  
s i d e  o f  t h e  Moon are  shown. The method used  i n  
o b t a i n i n g  t h e s e  c r a t e r  p r o f i l e s  and an a n a Z y s i s  
o f  t h e  r e s u l t s  o b t a i n e d  are  g i v e n  i n  t h e  p r e c e d -  
i n g  a r t i c l e  by  t h e  same a u t h o r .  

The h e i g h t  p r o f i l e s  of 2 9  c r a t e r s  on t h e  f a r  s i d e  o f  t h e  Moon 
a r e  g i v e n  i n  t h i s  s t u d y .  T h r e e  p h o t o g r a p h s  o f  t h e  f a r  s i d e  o f  t h e  
Moon, o b t a i n e d  f r o m  t h e  s p a c e c r a f t  "Zond-3",  were  u s e d  i n  o r d e r  
t o  c o n s t r u c t  t h e s e  p r o f i l e s .  The method o f  c o n s t r u c t i n g  them 
a c c o r d i n g  t o  p h o t o m e t r i c  s e c t i o n s  o f  t h e  c r a t e r s  a n d  t h e  c h a r a c t e r -  
i s t i c s  o f  t h e  m a t e r i a l s  u s e d  a r e  d i s c u s s e d  i n  t h e  p r e c e d i n g  a r t i c l e .  
T h a t  a r t i c l e  a l s o  a n a l y z e s  t h e  r e s u l t s  o b t a i n e d  a n d  c o n t a i n s  T a b l e  
2 ,  i n  wh ich  t h e  d a t a  c h a r a c t e r i z i n g  t h e  d i f f e r e n ?  s t r u c t u r a l  e l e -  
m e n t s  o f  t h e  c r a t e r s  u n d e r  i n v e s t i g a t i o n  a r e  c o l l e c t e d .  

The n u m e r a t i o n  f o r  t h e  f i g u r e s  c o r r e s p o n d s  t o  t h e  n u m e r a t i o n  
o f  t h e  c r a t e r s  i n  T a b l e  2 o f  t h e  p r e c e d i n g  a r t i c l e .  

S i n c e  t h e  d i r e c t i o n s  o f  t h e  p h o t o m e t r i c  c r o s s  s e c t i o n s  of  t h e  
c r a t e r s  d i d  n o t  c o i n c i d e  o n  d i f f e r e n t  p h o t o g r a p h s ,  d i f f e r e n t  g r a p h i c  
r e p r e s e n t a t i o n s  were  i n t r o d u c e d  for t h e  h e i g h t  p r o f i l e s  o b t a i n e d  
a c c o r d i n g  t o  t h e  d i f f e r e n t  p h o t o g r a p h s  ( t h e  s o l i d  l i n e  d e s i g n a t e s  
t h e  2 8 t h  p h o t o g r a p h ;  t h e  d o t t e d  l i n e  r e p r e s e n t s  t h e  2 2 t h ;  t h e  
d a s h e d  l i n e  d e s i g n a t e s  t h e  2 6 t h  p h o t o g r a p h ) .  

On t h e  f i g u r e s ,  one d i v i s i o n  a l o n g  t h e  a b s c i s s a  a x i s  c o r r e -  
s p o n d s  t o  1 0  km, a n d  o n e  d i v i s i o n  a l o n g  t h e  o r d i n a t e  a x i s  c o r r e -  
s p o n d s  t o  1 km. The s h a d e d  r e g i o n s  o f  t h e  c r a t e r  r i d g e s  a r e  marked 
o f f  b y  a t h i c k  d o t t e d  l i n e .  

I n  o r d e r  t o  d e p i c t  t h e  o u t e r  s l o p e  o f  t h e  e a s t e r n  ( s h a d e d )  
r i d g e ,  i t  w a s  s u g g e s t e d  t h a t ,  i n  some c a s e s ,  i t s  h e i g h t  b e  made 
e q u a l  t o  t h e  h e i g h t  m e a s u r e d  f o r  t h e  o p p o s i t e  r i d g e .  

The p r o f i l e  o f  e a c h  c r a t e r  w a s  d rawn t w i c e :  o n  t h e  l o w e r  p a r t  
o f  t h e  f i g u r e ,  t h e  s c a l e  a l o n g  t h e  a b s c i s s a  a x i s  is t e n  t i m e s  l e s s  
t h a n  t h e  s c a l e  along t h e  o r d i n a t e  a x i s ,  a n d ,  on t h e  u p p e r  p a r t ,  
t h e  s c a l e  i s  i d e n t i c a l  a l o n g  b o t h  a x e s ,  w h i c h  makes a c l e a r  r e p r e -  
s e n t a t i o n  o f  t h e  c u r v a t u r e  o f  t h e  r i d g e s .  
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O P T I C A L  C H A R A C T E R I S T I C S  O F  T H E  M A R S  A T M O S P H E R E  O B T A I N E D  
A C C O R D I N G  TO C O N T R A S T  M E A S U R E M E N T S  

I.K. K o v a l  I 

ABSTRACT:  Pho tome t r i c  d a t a  on t h e  c o n t r a s t s  be-  
tween  t h e  h igh2ands  and maria of Mars, measured 
i n  d i f f e r e n t  s p e c t r a 2  r e g i o n s ,  a r e  a n a l y z e d .  The 
o p t i c a 2  parame ter s  o f  t h e  Mars a tmosphere  a r e  
d e t e r m i n e d .  Some a s s u m p t i o n s  on t h e  b e h a v i o r  
of t h e  t r u e  c o n t r a s t  o v e r  t h e  spec t rum a r e  made. 
The r e s u Z t s  show t h a t  t h e  model of t h e  s c a t t e r -  
i n g  atmosphere w i t h  op t i ca i !  t h i c k n e s s  o f  approx-  
ima teZy  0 . 2  a t  0 . 4 3  u i s  i n  good agreement  w i t h  
t h e  o b s e r v a t i o n s .  

A f t e r  t h e  p o l a r  c a p s ,  t h e  d a r k  r e g i o n s  o f  t h e  Mars m a r i a  a r e  
t h e  m o s t  r e m a r k a b l e  d e t a i l s  o f  t h e  p l a n e t a r y  d i s k .  A s  a r u l e ,  a n y  
p h o t o g r a p h  o f  Mars o b t a i n e d  on l i n e s  w i t h  w a v e l e n g t h  g r e a t e r  t h a n  
0 . 5  l~ c o n t a i n s  r e g i o n s  o f  r a t h e r  l a r g e  m a r i a .  Many y e a r s  o f  ob-  
s e r v a t i o n s  h a v e  shown t h a t  t h e  c o n t r a s t  b e t w e e n  t h e  Mars m a r i a  a n d  
t h e  n e i g h b o r i n g  h i g h l a n d  r e g i o n s  i s  n o t  i d e n t i c a l  f o r  d i f f e r e n t  
m a r i a .  The mar ia  o f  a e r o g r a p h i c  l o n g i t u d e s  o f  2 8 0 - 6 0 °  h a v e  t h e  
g r e a t e s t  c o n t r a s t ,  and  t h o s e  o f  t h e  l o n g i t u d e  i n t e r v a l  o f  8 0 - 2 4 0 °  
h a v e  l o w e s t  c o n t r a s t s .  We w i l l  d i s c u s s  t h e  r e a s o n s  f o r  t h e s e  c h a n g e s  
b e l o w .  

T h u s ,  s y s t e m a t i c  o b s e r v a t i o n s  c a r r i e d  o u t  d u r i n g  a t o t a l  a p p a r -  
e n t  r e v o l u t i o n  o f  Mars ( a r o u n d  4 0  d a y s )  c a n  g i v e  a c o m p l e t e  a e r o -  
g r a p h i c - l o n g i t u d e  sweep o f  t h e  h i g h l a n d - m a r e  c o n t r a s t .  A r e c y c l i n g  
o f  t h e  m e a s u r e m e n t s ,  wh ich  i s  a c h i e v e d  b y  o b s e r v a t i o n s  d u r i n g  t h e  
c o u r s e  o f  s e v e r a l  o p p o s i t i o n s  or b y  p r o l o n g e d  o b s e r v a t i o n s  d u r i n g  
t h e  p e r i o d  o f  o n e  o p p o s i t i o n ,  c a n  s e r v e  as  t h e  b a s i s  i n  c l a r i f y i n g  
t h e  c h a n g e s  o n  t h e  p l a n e t  c o n n e c t e d  b o t h  w i t h  t h e  m a r i a  t h e m s e l v e s  
a n d  w i t h  t h e  Mars a t m o s p h e r e .  

The p r o b l e m  o f  t h e  o p t i c a l  p r o p e r t i e s  o f  t h e  Mars a t m o s p h e r e  
i s  d i s c u s s e d  i n  t h i s  s t u d y  o n  t h e  b a s i s  o f  p h o t o m e t r i c  d a t a  c o n -  
c e r n i n g  t h e  h i g h l a n d - m a r e  c o n t r a s t s ,  o b t a i n e d  r e c e n t l y  by  t h e  a u t h o r  
and  o t h e r  o b s e r v e r s .  T h i s  way o f  s t u d y i n g  t h e  Mars a t m o s p h e r e  was 
a l s o  u s e d  e a r l i e r  i n  [1,2]. The c a l c u l a t i o n s  p r e s e n t e d  were  o f  a 
p r e l i m i n a r y  n a t u r e ,  a n d  showed t h a t  t h e  c o n t r a s t  method of  i n v e s t i -  
g a t i n g  t h e  Mars a t m o s p h e r e  d e s e r v e s  a t t e n t i o n .  

P h o t o m e t r i c  Data.  The v e r y  f i r s t  p h o t o g r a p h s  o f  Mars ,  wh ich  
w e r e  o b t a i n e d  b y  G . A .  T i k h o v  and  <hen b y  S l e i f e r ,  W r i g h t  a n d  R O S S ,  
showed t h a t  t h e  h i g h l a n d - m a r e  c o n t r a s t  d e c r e a s e s  s m o o t h l y  t o w a r d  
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t h e  v i o l e t  end  o f  t h e  s p e c t r u m  a n d ,  a s  a r u l e ,  d i s a p p e a r s  c o m p l e t e l y  
a r o u n d  0 . 4  u .  Some o b s e r v e r s  a r e  p a r t i c u l a r l y  o c c u p i e d  w i t h  t h e  
e s t a b l i s h m e n t  o f  a s p e c t r a l  l i m i t  t o  t h e  d i s a p p e a r a n c e  o f  t h e  h i g h -  
l a n d - m a r e  c o n t r a s t ,  a n d ,  m e a n w h i l e ,  w e  c a n  m e n t i o n  o n l y  t h e  wave- 
l e n g t h  i n t e r v a l  i n  wh ich  t h i s  b o u n d a r y  i s  i n c l u d e d  f o r  a n o r m a l  
s t a t e  of t h e  Mars a t m o s p h e r e  ( a b s e n c e  of  s o - c a l l e d  v i o l e t  t r a n s -  
i l l u m i n a t i o n s ) .  When t h e  l i m i t  for d e t e c t i n g  a c o n t r a s t  i s  e q u a l  
t o  0 . 0 5 ,  t h i s  i n t e r v a l  i s  l i m i t e d  t o  w a v e l e n g t h s  o f  0 . 4 3 ,  0 . 4 7  1.1 
for p h o t o m e t r i c  o b s e r v a t i o n s .  However,  as  p h o t o m e t r i c  o b s e r v a t i o n s  
d u r i n g  s e v e r a l  o p p o s i t i o n s  o f  Mars showed,  t h e  h i g h l a n d - m a r e  con-  
t r a s t  c a n  b e  r e l i a b l y  m e a s u r e d  d u r i n g  c e r t a i n  p e r i o d s  e v e n  a r o u n d  
0 . 4 3  p ,  where  it s o m e t i m e s  r e a c h e s  3 0 %  o f  t h e  v a l u e  n e a r  0 .7  u .  
F i n a l l y ,  t h e  c o n t r a s t  i n  t h e  v i o l e t  r a y s  c a n  r e a c h  8 0 %  o f  t h e  v a l u e  
i n  t h e  r e d  i n  r a r e  c a s e s .  T h e s e  i n s t a n c e s  were  c a l l e d  t h e  moments 
of  t h e  i l l u m i n a t i o n s  i n  t h e  v i o l e t  l a y e r  o f  t h e  Mars a t m o s p h e r e .  

The f a c t  o f  s u c h  i l l u m i n a t i o n s  i s  v e r y  i m p o r t a n t  i n  i t s e l f ,  
s i n c e ,  b e i n g  c o n n e c t e d  w i t h  a t m o s p h e r i c  e x t i n c t i o n ,  i t  a l l o w s  u s  
t o  draw d e f i n i t e  c o n c l u s i o n s  on t h e  c o u r s e  o f  t h e  t r u e  c o n t r a s t  
o v e r  t h e  s p e c t r u m ,  a s  w e l l  a s  t h e  v a r i a t i o n s  i n  o p t i c a l  t h i c k n e s s  
o f  t h e  Mars a t m o s p h e r e ,  wh ich  s h e d s  l i g h t  on t h e  n a t u r e  o f  t h e  s o -  
c a l l e d  v i o l e t  l a y e r .  

However,  n o t  e v e r y  r e p o r t  o f  a r a t h e r  c l e a r l y  v i s i b l e  Mars 
mare i n  t h e  v i o l e t  l i n e s  s h o u l d  b e  t a k e n  a s  an  i n d i c a t i o n  t h a t  t h e  
t r a n s m i s s i v i t y  o f  t h e  Mars a t m o s p h e r e  is i n c r e a s e d .  

The f a c t  i s  t h a t  t h e  h i g h l a n d - m a r e  c o n t r a s t  i n  t h e  r e d  r e g i o n  
o f  t h e  s p e c t r u m  c h a n g e s  v e r y  s t r o n g l y  a c c o r d i n g  t o  a e r o g r a p h i c  
l o n g i t u d e .  F o r  e x a m p l e ,  a s  o u r  m e a s u r e m e n t s  c 2 1  a t  a l l  a e r o g r a p h i c  
l o n g i t u d e s  showed ( t h e  m e a s u r e m e n t s  were  t a k e n  n e a r  t h e  c e n t e r  o f  
t h e  p l a n e t a r y  d i s k ) ,  t h e  c o n t r a s t  c h a n g e s  i n  J u n e - A u g u s t  o f  1 9 5 6  
f r o m  0 . 1 4  t o  0 . 4 1  for 0 . 6 5  1 ~ .  N a t u r a l l y ,  when t h e  t r a n s m i s s i v i t y  
o f  t h e  Mars a t m o s p h e r e  i s  u n c h a n g e d ,  t h e  d a r k e r  m a r i a  i n  t h e  r e d  
l i n e s  c a n  i n v o l v e  an  i n c r e a s e  i n  t h e  c o r r e s p o n d i n g  c o n t r a s t  i n  
t h e  v i o l e t  l i n e s .  T h u s ,  i f  t h e  o b s e r v a t i o n s  a r e  c a r r i e d  o u t  d u r i n g  
a t i m e  i n t e r v a l  wh ich  d o e s  n o t  e x c e e d  t h e  p e r i o d  o f  a n  a p p a r e n t  
c o m p l e t e  r e v o l u t i o n  o f  Mars, i . e . ,  w i t h o u t  r e p e a t e d  o b s e r v a t i o n  
o f  t h e  same d e t a i l s ,  i t  i s  v e r y  d i f f i c u l t  t o  draw a n y  r e l i a b l e  con-  
c l u s i o n  on t h e  i l l u m i n a t i o n  o f  t h e  Mars a t m o s p h e r e .  

A c l e a r  i l l u s t r a t i o n  o f  wha t  we h a v e  s a i d  c a n  b e  f o u n d  i n  t h e  
l o n g i t u d i n a l  c o n t r a s t  s c a n  c o n s t r u c t e d  a c c o r d i n g  t o  v i s u a l  m e a s u r e -  
m e n t s  i n  1 9 5 6  by  V . V .  S h a r a n o v  ( F i g .  1) [ S I .  The p e r i o d  o f  t h e s e  
o b s e r v a t i o n s  e n c o m p a s s e s  a l l  t h e  a e r o g r a p h i c  l o n g i t u d e s  w i t h  s l i g h t  
s u p e r p o s i t i o n  i n  t h e  l o n g i t u d e  r a n g e  o f  L = 1 1 0 - 1 5 0 ° .  The o v e r -  
whelming  m a j o r i t y  o f  o b s e r v e r s  h a v e  n o t e d  t h a t ,  i n  S e p t e m b e r  o f  
1 9 5 6 ,  a d u s t  s t o r m  arose i n  t h e  s o u t h e r n  h e m i s p h e r e  o f  Mars and  
g r e a t l y  d e c r e a s e d  t h e  o b s e r v e d  c o n t r a s t s .  Our m e a s u r e m e n t s  C41 
c o n f i r m e d  t h i s  b y  numerous  d e t e r m i n a t i o n s  of t h e  c o n t r a s t  i n  t h e  
r e d  l i n e s ,  w i t h  a d o u b l e  o v e r l a p p i n g  o f  a e r o g r a p h i c  l o n g i t u d e s .  

4, 
I 
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I m m e d i a t e l y  a f t e r  t h e  Mars o b s e r v a t i o n s  d u r i n g  t h i s  p e r i o d ,  it 

F i g .  1. D i s t r i b u t i o n  o f  H igh land-Mare  C o n t r a s t  b y  A e r o g r a p h i c  
L o n g i t u d e  o f  Mars i n  1 9 5 6  (Measuremen t s  o f  V.V. S h a r a n o v  w i t h  a 
V i s u a l  P h o t o m e t e r ) .  

w a s  r e p o r t e d  i n  t h e  l i t e r a t u r e  t h a t ,  i n  S e p t e m b e r  o f  1 9 5 6 ,  t h e  con-  
t r a s t s  on Mars were  s h a r p l y  d e c r e a s e d  u n t i l  t h e y  a l m o s t  d i s a p p e a r e d  
c o m p l e t e l y .  It  w a s  t h e n  c o n c l u d e d  t h a t  t h e r e  w a s  a n  a b r u p t  d e c r e a s e  
i n  t h e  t r a n s m i s s i v i t y  o f  t h e  Mars a t m o s p h e r e  i n  t h e  v i s u a l  and  r e d  
r e g i o n s  [ S I .  A t  t h e  same t i m e ,  as  c a n  b e  c l e a r l y  s e e n  i n  F i g u r e  1, 
t h e  S e p t e m b e r  p e r i o d  o f  o b s e r v a t i o n s  c a r r i e d  o u t  by S o v i e t  o b s e r v e r s  
( s e c o n d  h a l f  o f  S e p t e m b e r  and  l a t e r )  o c c u r s  i n  a l o n g i t u d e  r a n g e  
w i t h  low c o n t r a s t  i n  g e n e r a l .  T h e r e f o r e ,  we c a n  s p e a k  o n l y  o f  
some d e c r e a s e  i n  c o n t r a s t  due  t o  t h e  " d u s t y  h a z e " .  I t  c a n  b e  s e e n  
f r o m  F i g u r e  1 t h a t  t h e  c o n t r a s t  r e m a i n e d  t h e  same i n  t h e  m i d d l e  o f  
S e p t e m b e r  a s  i n  t h e  f i r s t  h a l f  o f  A u g u s t ,  c o r r e s p o n d i n g  t o  t h e  same 
i n t e r v a l  o f  a e r o g r a p h i c  l o n g i t u d e s  a s  i n  S e p t e m b e r .  Our m e a s u r e -  
m e n t s ,  wh ich  we w i l l  d i s c u s s  b e l o w ,  show t h a t  t h e  c o n t r a s t  d e c r e a s e d  
on  t h e  a v e r a g e  by a f a c t o r  o f  1 . 5  ( f r o m  0 . 2 0  t o  0.13) for 0 . 6 5  
d u r i n g  t h e s e  p e r i o d s  [ S I .  

T h u s ,  i n  s t u d y i n g  t h e  v a r i a t i o n s  i n  t r a n s m i s s i v i t y  o f  t h e  Mars 
a t m o s p h e r e  a c c o r d i n g  t o  measu red  h i g h l a n d - m a r e  c o n t r a s t s ,  we must  
h a v e  i n f o r m a t i o n  on t h e i r  a v e r a g e  v a l u e s  i n  t h e  r e d  l i n e s  f o r  a l l  
t h e  a e r o g r a p h i c  l o n g i t u d e s ,  which  i s  d e r i v e d  on t h e  b a s i s  of  l o n g  
o b s e r v a t i o n s  d u r i n g  s e v e r a l  o p p o s i t i o n s .  

O b v i o u s l y ,  a l l  t h e  above  must  a l s o  b e  k e p t  i n  mind i n  s t u d y i n g  
v a r i a t i o n s  i n  t h e  t r a n s m i s s i v i t y  o f  t h e  v i o l e t  l a y e r  and  t h e  c h a n g e  
i n  a l b e d o  o f  i n d i v i d u a l  m a r i a .  

L e t  u s  b r i e f l y  d i s c u s s  t h e  o t h e r  f a c t o r s  w h i c h  h a v e  a s u b s t a n -  
t i a l  e f f e c t  on t h e  r e s u l t  o f  m e a s u r e m e n t s  o f  t h e  c o n t r a s t s  on Mars. 
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One s u c h  f a c t o r ,  whic.h a l w a y s  e f f e c t s  a d e c r e a s e  ( b l u r r i n g )  o f  
t h e  r e a l  c o n t r a s t  v a l u e s  i s  t h e  a t m o s p h e r i c  v i b r a t i o n  of t h e  image .  
If d u r i n g  v i s u a l  o b s e r v a t i o n s  w e  can  a l m o s t  a l w a y s  c a t c h  a moment 
when t h e  image of t h e  p l a n e t  becomes  r a t h e r  c l e a r ,  t h e n ,  i n  p h o t o -  
m e t r i c  o b s e r v a t i o n s ,  p a r t i c u l a r l y  w i t h  s m a l l  t e l e s c o p e s  and  l i g h t  
f i l t e r s  r e q u i r i n g  a r e c o r d i n g  t i m e  o f  s e v e r a l  s e c o n d s ,  t h e  r e s u l t  
o f  t h e  c o n t r a s t  m e a s u r e m e n t s  d e p e n d s  v e r y  s t r o n g l y  on t h e  t u r b u l e n t  
s t a t e  o f  t h e  E a r t h ' s  a t m o s p h e r e .  

A s  o u r  p h o t o e l e c t r i c  o b s e r v a t i o n s  i n  1 9 6 3  C71 a n d  1 9 6 5  [SI 
showed ,  t h e  w i d t h  o f  t h e  p r o f i l e  o f  t h e  d i f f u s e  image  o f  t h e  s t a r ,  
which  i s  g e n e r a l l y  w e l l  a p p r o x i m a t e d  by  a f u n c t i o n  of  t h e  t y p e  
e x p ( - z 2 / 2 u 2 ) ,  u n d e r g o e s  s u b s t a n t i a l  o s c i l l a t i o n s  ( (5  = 1-2") f o r  
s a t i s f a c t o r y  s t e a d i n e s s  o f  t h e  image  o v e r  v i s u a l  e v a l u a t i o n s . .  A l l  
t h e  d a t a  w h i c h  h a v e  p r e s e n t l y  b e e n  o b t a i n e d  on t h e  c o n t r a s t s  on 
Mars a r e  b a s e d  on m e a s u r e m e n t s  e i t h e r  w i t h  a v i s u a l  p h o t o m e t e r  or 
a c c o r d i n g  t o  p h o t o g r a p h i c  m a t e r i a l .  I n  b o t h  c a s e s ,  t h e  r e c o r d i n g  
t i m e  g r e a t l y  e x c e e d s  t h e  r a t e  o f  v i b r a t i o n  o f  t h e  i m a g e ,  wh ich  
mus t  n e c e s s a r i l y  l e a d  t o  a b l u r r i n g  o f  t h e  r e a l  c o n t r a s t .  

For an  e x a m p l e ,  we c a l c u l a t e d  t h e  c o n t r a s t s  K a r i s i n g  a s  a 
r e s u l t  o f  t h e  e f f e c t  o f  a G a u s s i a n  c o n t o u r  w i t h  d i f f e r e n t  v a l u e s  
o f  t h e  p a r a m e t e r  CT on a l a r g e  d e t a i l  d i f f e r i n g  i n  c o n t r a s t  K O  and 
s i z e  A r o  l o c a t e d  a t  t h e  c e n t e r  of a Lamber t  s p h e r e .  The c a l c u l a -  
t i o n s  were  c a r r i e d  o u t  f o r  v a l u e s  of K O  e q u a l  t o  0 . 1 ,  0 . 3  and  0 . 5  
a n d  f o r  a d i a m e t e r  o f  t h e  d e t a i l  o f  Ar,, = 0 . 0 5 ,  0 . 1 ,  0 . 2 ,  0.3Rd 
w i t h  v a l u e s  o f  CT = 0 . 0 2 ,  0 . 0 5 ,  0 . 1 0  a n d  0 . 3 0  R d  . 

T a b l e  1 g i v e s  v a l u e s  of  t h e  r a t i o  K/Ko ( 0 . 1  -S K O  0 . 5 ) ,  which  
w a s  f o u n d  t o  b e  p r a c t i c a l l y  i n d e p e n d e n t  o f  K O  for t h e  s e t  of v a l u e s  
o f  t h i s  p a r a m e t e r  which  we s e l e c t e d .  

A s  c a n  b e  s e e n  f rom t h i s  t a b l e ,  t h e  " o b s e r v e d "  c o n t r a s t  f o r  a 
d e t a i l  w i t h  d i a m e t e r  o f  0 . 2 R c f  a n d  p r e l i m i n a r y  c o n t r a s t  o f  0 . 1 - 0 . 5  
d e c r e a s e s  by  30% a t  (J = 0 . 1  R c f  and  a l m o s t  b y  a f a c t o r  o f  t h r e e  
a t  0 = 0 . 1 5  R o d  . F o r  a r a d i u s  o f  Mars e q u a l  t o  l o " ,  t h i s  example  
c o r r e s p o n d s  t o  CT = 1" a n d  1.5", which  i s  c l o s e  t o  t h e  a c t u a l  ob -  
s e r v a t i o n a l  c o n d i t i o n s .  Under  t h e s e  c o n d i t i o n s ,  f o r  .example a t  
(J = l", t h e  d i a m e t e r  o f  t h e  d e t a i l  s h o u l d  b e  no  l e s s  t h a n  3 . 5 "  t o  
a c h i e v e  a c c u r a c y  i n  m e a s u r i n g  t h e  c o n t r a s t  o f  no l e s s  t h a n  1 0 %  on  
a d i s k  w i t h  r a d i u s  o f  10". 

m .  .. 1- . .., ., .. . , , , I 

TABLE 1 
_ _  - . .-- . 

0 

I ... . 

~. . 

n 1 ;  

0.92 
0.73 
0.36 
0.12 

0.58 
0.32 
0.12 
0.02 

0.05 
0 .  (12 
0.01 
0.00 
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T h u s ,  t h e  va lue  of  t h e  c o n t r a s t  m e a s u r e d  o n  t h e  p l a n e t  d e p e n d s  
t o  a g r e a t  e x t e n t  o n  t h e  t u r b u l e n t  s t a t e  o f  t h e  E a r t h ' s  a t m o s p h e r e  
( o n  0 1 ;  t h e r e f o r e ,  o b s e r v a t i o n s  o f  t h i s  t y p e  s h o u l d  b e  a c c o m p a n i e d  
b y  s u p p l e m e n t a r y  o b s e r v a t i o n s  wh ich  c a n  g i v e  c e r t a i n  n e c e s s a r y  
c r i t e r i a  for s u b s e q u e n t  a n a l y s i s  of  t h e  d a t a  o b t a i n e d .  W i t h o u t  
s u c h  a c o n t r o l ,  t h e  m e a s u r e d  v a r i a t i o n s  i n  c o n t r a s t s  c o u l d  be. 
d e c e p t i v e .  

I n  a d d i t i o n  t o  t h e  c i t e d  b l u r r i n g  o f  t h e  c o n t r a s t s ,  t h e  a tmo-  
s p h e r i c  v i b r a t i o n  b r i n g s  a b o u t  a b r o a d e n i n g  of t h e  d e t a i l ,  w h i c h  
c a n  be s e e n  c l e a r l y  i n  F i g u r e  2 ,  s h o w i n g  t h e  c h a n g e  i n  r e c t a n g u l a r  
p r o f i l e  o f  t h e  d e t a i l  a t  t h e  c e n t e r  o f  t h e  Lamber t  s p h e r e  f o r  
d i f f e r e n t  K O ,  A r o  and I S .  A t  A r o  < I S ,  t h e  d e t a i l  becomes  p r a c t -  
i c a l l y  i m p e r c e p t i b l e  for t h e  K O  u n d e r  i n v e s t i g a t i o n .  

U n f o r t u n a t e l y ,  w e  s t i l l  do  n o t  h a v e  s u f f i c i e n t  o b s e r v a t i o n a l  
d a t a  o n  t h e  c h a n g e  i n  t h e  p a r a m e t e r  IS c h a r a c t e r i z i n g  t h e  " a s t o -  
s p h e r i c  c o n t o u r " .  The minimum v a l u e  o f  IS m e a s u r e d  a c c o r d i n g  t o  
images of t h e  s t a r s  on t h e  70-cm r e f l e c t o r  of  t h e  Main Ast ronom-  
i c a l  O b s e r v a t o r y  of  t h e  Academy of  S c i e n c e s  o f  t h e  U k r a i n i a n  S.S.R. 
w a s  o b t a i n e d  o n  A p r i l  6 / 7 ,  1 9 6 5 ,  a n d  was e q u a l  t o  1.1" for a z e n i t h  
d i s t a n c e  o f  t h e  s t a r  c l o s e  t o  5 0 ° .  C o n s i d e r i n g  t h a t  t h e  o b s e r v a -  
t i o n s  a r e  s o m e t i m e s  c a r r i e d  o u t  a t  s h o r t e r  z e n i t h  d i s t a n c e s ,  w h i l e  
t h e  a n g u l a r  d i m e n s i o n  o f  t h e  p l a n e t  c h a n g e s  f r o m  1 4  t o  2 5 "  f o r  
d i f f e r e n t  o p p o s i t i o n s ,  w e  c a n  t a k e  t h e  v a l u e  IS = 1" a s  a n  a v e r a g e .  
T h e n ,  for c o n d i t i o n s  c l o s e  t o  t h e  r e a l  o n e s  (0.1s K O  0 . 5  and  
A r o  m 0 . 3  R d  1, t h e  c o n t r a s t  b l u r r i n g  i s  u p  t o  1 0 - 4 0 % .  We c a n  
u s e  t h e  d a t a  o f  T a b l e  1 u n d e r  s p e c i f i c  o b s e r v a t i o n a l  c o n d i t i o n s  
i n  o r d e r  t o  e v a l u a t e  t h e  p o s s i b l e  e r r o r s .  For e x a m p l e ,  i n  1 9 6 5 ,  
when t h e  z e n i t h  d i s t a n c e  w a s  c l o s e  t o  5 0 ° ,  w h i l e  t h e  a n g u l a r  d i a -  
m e t e r  w a s  e q u a l  t o  14", t h e  v a l u e s  o b t a i n e d  for IS were e q u a l  t o  
1 . 7 l '  (March 2 3 / 2 4 )  a n d  1.1" ( A p r i l  6 / 7 1 ,  which  shows t h a t  t h e  
c o n t r a s t  f o r  a d e t a i l  w i t h  A r o  = 0 . 3  R d  d e c r e a s e s  b y  8 0  a n d  4 0 % ,  
r e s p e c t i v e l y .  

A l l  t h e s e  c a l c u l a t i o n s  c o n f i r m  t h a t  t h e r e  i s  n e e d  f o r  a more 
r i g o r o u s  a p p r o a c h  t o  a n  e v a l u a t i o n  of t h e  r e s u l t s  o f  p h o t o m e t r i c  
o b s e r v a t i o n s ,  p a r t i c u l a r l y .  i f  i t  i s  a m a t t e r  of m e a s u r i n g  t h e  c o n -  
t r a s t s  i n  o r d e r  t o  i n v e s t i g a t e  d i f f e r e n t  t y p e s  o f  c h a n g e s  on Mars. 
T h i s  d o e s  n o t  mean a t  a l l  t h a t  t h e  v a s t  amount  o f  p h o t o g r a p h i c  
m a t e r i a l s  o b t a i n e d  t o  t h e  p r e s e n t  a n d  t h o s e  c o n c l u s i o n s  wh ich  were 
o b t a i n e d  a s  a r e s u l t  o f  t h e i r  a n a l y s i s  d o  n o t  d e s e r v e  r e c o g n i t i o n .  
Many o f  t h e  Mars m a r i a  a r e  l a r g e  enough  f o r  r e l i a b l e  d a t a  t o  b e  
o b t a i n e d  on t h e i r  c o n t r a s t  w i t h  t h e  a d j a c e n t  h i g h l a n d s .  The f a c t  
of t e m p o r a l  c h a n g e s  i n  t h e  t r a n s m i s s i v i t y  o f  t h e  Mars a t m o s p h e r e  
a l s o  r a i s e s  n o  d o u b t s ;  h o w e v e r ,  t h e  p e r i o d s  o f  v i o l e t  t r a n s i l l u -  
m i n a t i o n s  a p p a r e n t l y  o c c u r  v e r y  r a r e l y .  

I n  1 9 5 6 ,  d u r i n g  t h e  g r e a t  o p p o s i t i o n ,  t h e  t r a n s m i s s i v i t y  o f  
t h e  Mars a t m o s p h e r e  i n  t h e  v i o l e t  l i n e s  u n d o u b t e d l y  changed  a t  
t i m e s .  The o b s e r v a t i o n  p r o g r a m  s t i p u l a t e d  t h a t ,  t o g e t h e r  w i t h  t h e  
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photographic observations, there must be parallel visual observa- 
tions for a subsequent comparison between the sketches and the 

Fig. 2. Distortion of the Given Contrasts by the Function exp 
(-x2/cr2) for cr = 0.05 (1); 0.10 (2) and 0.20 Rd ( 3 ) ;  K O  = 0.5 
and A r o  = 0.3 (a); 0.2 (b) and 0.1 Rd (c); K O  = 0.3 and the 
same A r o  (d,e,f); K O  = 0.1 and A r o  = 0.3 R d  ( g ) .  

photographic images (Astronomical Observatory of the Khar'kov State 
University, reflector, 10.25"). During the period from July 7 to 
October 21, 1956, N.P. Barabashov made hundreds of sketches of the 
planetary disk, using red, green and blue light filters [ 4 1 .  On 
September 27, and then October 21, there was more or less clear 
visibility in the blue lines of the maria near aerographic long- 
itudes of 70 and 200O. As we mentioned earlier, these maria have 
low contrast in the red lines. At the same time, one of the darkest 
maria of Mars - Syrtis Major - was not observed once during the 
entire period of observations on the blue line. 

On April 21, 1967, five days after the opposition, the maria 
located in the longitude range of 340-60° were clearly seen vis- 
ually with a blue filter (Amax = 0.45 p )  and hardly perceptible 
with a violet filter (A,,, = 0.4 p ) .  These observations were 
carried out on the 70-centimeter reflector of the Main Astrono- 
mical Observatory of the Academy of Sciences of the Ukrainian S.S.R. 
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L . A .  Bugayenko, A . V .  Morozhenko and the author, in the breaks 
tween the series of programmed photoelectric observations. Ob- 
ously, the Mars atmosphere during this period differed by its 

relatively high transmissivity over the entire visible spectral 
region. 

However, all the variations noticed visually in the contrasts 
on Mars can remain unnoticed in photometric studies, except for 
those which are based on photographic materials obtained with ex- 
posures of hundredths of a second. 

Let us turn to a brief analysis of the photometric data on 
the contrasts which are based on photographic observations, and 
let us attempt to use these materials in order to discuss the 
degree of transmissivity of the Mars atmosphere. 

a 

I? 1, 

0.3 

0.7 

0. I 

0.0 

Fig. 3. Contrast Distribution over the Longitude in 1956 (a) and 
1958 (b), Found According to Photographs ( 0  - Red Filter, 0 -  
Green, t Blue) 

Figure 3 gives the contrasts measured for filters with trans- 
mission maxima of 0.43, 0.53, 0.65 and 0.75 p ,  obtained in June- 
October of 1956, and 0.47 and 0.68 in 1958 C91. The aerographic 
longitude of the detail L (lower scale) is plotted along the 
abscissa axis, and the numbers of the points, the values of the 
measured contrasts of which are given in Table 2, are written 
out. 

We will carry out our principal calculations according to the 
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o b s e r v a t i o n s  o f  1 9 5 6 .  T h e r e f o r e ,  T a b l e  2 d o e s  n o t  c o n t a i n  t h e  d a t a  
f o r  1 9 5 8 .  When n e c e s s a r y ,  w e  w i l l  u s e  t h e  d a t a  of F i g u r e  3 .  

S i n c e  n o  d a t a  w a s  o b t a i n e d  d u r i n g  t h e  e n t i r e  o b s e r v a t i o n a l  
p e r i o d  r e l a t i v e  t o  t h e  c h a n g e s  i n  t h e  b r i g h t n e s s  c o e f f i c i e n t  o f  
t h e  h i g h l a n d s  o f  Mars a t  t h e  c e n t e r  of t h e  d i s k ,  t h e  o p t i c a l  p r o p -  
e r t i e s  o f  t h e  Mars a t m o s p h e r e  a r e  d e t e r m i n e d  c o m p l e t e l y  a c c o r d i n g  
t o  t h e  r a t i o  b e t w e e n  t h e  m e a s u r e d  a n d  t h e  t r u e  c o n t r a s t .  

T A B L E  2 

.v 

1 
2 
3 
4 
5 
(i 
7 
8 
9 

10 
1 1  
i %  
10 
1 4 
15 
I6 
17 
18 
1 !I 
20 
21 
22 
23 

. 

Average  
1- 8 
9-14 

15-23 

~ 

0 

180 

0 

180 

0 

180 

0 

0.07 
0.12 
0.02 
0 .  (J6 
0.10 
0.08 
0. (I2 
0 .(I!) 
0.08 
0 .11  
0.12 
0 . O!! 
0 . 0 6  
0 . (18 
0.Wi 
0.011 
0.09 
0.08 
0.09 
0 . i t  
0.02 
0.06 
0.10 
0.08 
0.07 
0.09 
0.08 

0.18 
0 .2,1 
0.1 1 
0 .  1.') 
0.22 
0.17 
(I, Oi l  
0 .  :x 
0 .  ih 
0. !!! 
0 .  !I, 
0 .  i!J 
0.17 
0 . i5  
0.14 
0.11 
0.10 
0.10 
0.10 
0 . I *'% 
0 .  05 
0.07 
0 . 1 1  
0 . ;  I 
0 .  i 7  
0. i8  
0.10 

0.75 
0 .G7 
0.23 
0.62 
0.76 

0 .  :,1 
0 .  ;;- 
( I  I ! I  
0 fl:1 
0 .  SC, 
1 ' , . 7 I O  

(1..15 
(1.42 
0. '1 7 
0.50 
0.38 
0.58 
0.71 
0.93 
0.28 
0 .3:1 
0.38 
fl . T,T, 
I ) .  1;: 
0 . ( i i l  
0.50 

c) . .i ,T) 

0.21 
0.34 
0.  :23  
0. 1 9 
0.21; 

I ! .  I :? 

c .  1: 
6 , ' ' :  
0 .  :I:, 
0 . Y i  
0 , ::2 
0 ,  ,'M 
0 .  :15 
0.25 
0.1x 
0.2'1 
0.17 
0. 1 %'!J 
0.1.1 
0.1.3 
0.17 
0.26 

0.24 
0.211 
0 .  i s )  

n . :K! 

0 . z  

L e t  u s  c a l l  p 1 ,  A 1  a n d  p 2 ,  A 2  t h e  b r i g h t n e s s  c ~ e f f i c i e n t s  and  
a l b e d o  of t h e  h i g h l a n d  a n d  m a r e ,  r e s p e c t i v e l y ,  n e a r  t h e  a p p a r e n t  
c e n t e r  of t h e  p l a n e t ,  a n d  l e t  u s  c a l l  p o  t h e  b r i g h t n e s s  c o e f f i c i e n t  
o f  t h e  Mars a t m o s p h e r e .  A s  i s  w e l l  known [lo], t h e  b r i g h t n e s s  c o -  
e f f i c i e n t  p i s  d e t e r m i n e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  f o r m u l a  f o r  
t h e  Lamber t  l a w  o f  r e f l e c t i o n  f r o m  t h e  s u r f a c e :  

S i n c e ,  o r d i n a r i l y ,  AC << 1, w e  c a n  w r i t e  t h e  f o l l o w i n g :  

6 5  



Using this formula, we find that 

PO'PI(1 - %), 

and 

where 

F o r  the true contrast, we can take the contrast measured for 0 . 7 5 ~ ~  
where the effect of the Mars atmosphere is obviously negli 
small, with a certain wavelength-dependent coefficient - - 
and we can use the following formulas: 

P b l y  
c ( i >  ' 

As we mentioned above, the degree of blurring of the contrasts in 
the range of 0.1-0.5 remains the same. If we assume (the assump- 
tion is not too rough) that the true contrasts on Mars for all the 
wavelengths under investigation do not exceed 0.5, then the ratios 
of interest to us Kh / K r k  are found to be free of any effect of 
atmospheric vibration, since o is not a selective value in this 
spectral range. Thus, the error in the contrast ratio is deter- 
mined by the error in the photometric method. In measuring these 
contrast values, the method of photographic photometry yields a 
relative error equal to 20%. 

Table 2 also contains the ratios K/Kyk and the average values 
of K and K/Krk for three periods, each of which encompasses the 
entire longitudinal belt of Mars. Table 3 gives data of the con- 
trasts measured in 1954 [11] according to photographic materials 
obtained by the author on the 20-centimeter refractor of the Astro- 
nomical Observatory of Khar'kov State University. Eighteen maria 
were subjected to investigations according to these data [ 1 2 ] .  
However, in order to use the contrasts to study the Mars atmosphere, 
we selected six of the maria, which had been observed reliably two 
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or t h r e e  t i m e s  n e a r  t h e  c e n t r a l  m e r i d i a n  a f t e r  a c o m p l e t e  r e v o l u -  
t i o n  o f  t h e  p l a n e t .  The a e r o g r a p h i c  c o o r d i n a t e s  o f  t h e  m e a s u r e d  
r e g i o n  a r e  g i v e n  f o r  e a c h  mare .  We s h o u l d  m e n t i o n  t h a t  t h e  o b s e r v a -  
t i o n s  o f  1 9 5 4  w e r e  c a r r i e d  o u t  a l s o  w i t h  t h e  a i d  o f  g r e e n  a n d  y e l l o w  
l i g h t  f i l t e r s ;  h o w e v e r ,  w e  w i l l  u s e  t h e  c o n t r a s t  r a t i o  f o r  t h e  
b l u e  l i g h t  f i l t e r  € o r  our p u r p o s e s ,  s i n c e  t h e  v a l u e s  for t h e  con-  
t r a s t s  a r e  r a t h e r  h i g h  a n d ,  a t  t h e  same t i m e ,  t h e  t r a n s m i s s i o n  
maximum f o r  t h i s  f i l t e r  o c c u r s  i n  t h e  s p e c t r a l  r e g i o n  i n  wh ich  
t h e  Mars a t m o s p h e r e  a p p e a r s  r a t h e r  c l e a r l y .  

T A B L E  3 

! - i; J u n e  

21 J u n e  o . i i  0.11 0.21 0.2.1 0 . i . i  0.2.7 0.84 
2.; J u l y - 3  A u g u s t  0. I J 0,  1 n I) .  23 0 .'L I 0 .  I .5 n .  2:) 0.7.3 
2!)Augus t- Sep t . 0.13 0.10 0.23 0.23 0.15 0.35 0.67 

O p t i c a l  C h a r a c t e r i s t i c s  o f  t h e  A t m o s p h e r e .  I t  w a s  m e n t i o n e d  
i n  [1,21 t h a t  t h e  r a t i o  K/K,k f o r  t h e  Mars o b s e r v a t i o n s  i n  1956  
u n d e r g o e s  s u b s t a n t i a l  o s c i l l a t i o n s  f o r  d a y  t o  d a y ,  a n d  is c l o s e  
t o  u n i t y  f o r  c e r t a i n  m a r i a  i n  a l l  t h e  s p e c t r a l  r e g i o n s .  

L e t  u s  e x a m i n e  two p o s s i b l e  c a s e s  c o n n e c t e d  w i t h  t h i s .  

1. The t r u e  h i g h l a n d - m a r e  c o n t r a s t  i s  n o t  w a v e l e n g t h - d e p e p d e n t  
a n d  i s  e q u a l  t o  i t s  v a l u e  m e a s u r e d  a t  0 . 7 5  p. I n  t h i s  c a s e ,  a l l  
t h e  v a r i a t i o n s  o b s e r v e d  i n  t h e  r a t i o  K / K r k  s h o u l d  b e  a t t r i b u t e d  
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t o  t h e  o s c i l l a t i o n s  i n  t r a n s m i s s i v i t y  o f  t h e  a t m o s p h e r e .  I t  f o l l o w s  
f r o m  T a b l e  2 t h a t  t h e  w e a k e s t  c h a n g e  i n  c o n t r a s t  r a t l o  o v e r  t h e  
s p e c t r u m  i s  o b s e r v e d  f o r  t h e  p o i n t  w i t h  number  2 0 ,  w h i c h  c o r r e s p o n d s  
t o  t h e  a e r o g r a p h i c  l o n g i t u d e  of  L 280° .  I n  t h e  a s s u m p t i o n  w e  
made,  t h i s  moment o f  o b s e r v a t i o n s  c o r r e s p o n d s  t o  t h e  h i g h e s t  t r a n s -  
m i s s i v i t y  o f  t h e  Mars a t m o s p h e r e .  

T A B L E  4 

- -  .. . ... 

1 
L? 
n 
4 
5 
6 
7 
8 
'I 

I l l  
11 
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22 
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A v e r a g e  0.043 0.62 0.0110 0.61 0.053 0.75 0.077 U.76 0.029 0.94 0.024 0.94 

Assuming t h a t  c(X) = 1 (l), we w i l l  d e t e r m i n e  P O  f o r  t h i s  
moment. U s i n g  t h e  t a b l e s  o f  [13], a n d  a s s u m i n g  t h a t  t h e r e  i s  
p u r e  s c a t t e r i n g  a n d  a s p h e r i c a l  i n d e x  a c c o r d i n g  t o  t h e  v a l u e  o f  
p o  f o u n d ,  l e t  u s  f i n d  T .  Knowing T a n d  u s i n g  ( 2 ) ,  we w i l l  d e t e r -  
mine  A 1  a c c o r d i n g  t o  t h e  t a b l e s  i n  [14]. The v a l u e s  o f  A I  t h u s  
f o u n d  a r e  g i v e n  i n  T a b l e  4 .  They were  u s e d  s u b s e q u e n t l y  i n  c a l -  
c u l a t i o n s  o f  t h e  f u n c t i o n  M a c c o r d i n g  t o  ( 2 )  a n d  f o r  o t h e r  o b s e r v a -  
t i o n  p e r i o d s .  F i g u r e  4 shows t h e  d e p e n d e n c e  o f  t h e  b r i g h t n e s s  f a c t -  
o r  on t h e  w a v e l e n g t h  f o r  a Mars h i g h l a n d  a t  t h e  c e n t e r  o f  t h e  d i s k ,  
A s  c a n  b e  s e e n  f r o m  t h e  f i g u r e ,  t h e  e n e r g y  d i s t r i b u t i o n  i n  t h e  Mars 
s p e c t r u m  which  was f o u n d  a c c o r d i n g  t o  t h e  method o f  p h o t o g r a p h i c  
p h o t o m e t r y  w i t h  f i l t e r s  d i f f e r s  s u b s t a n t i a l l y  f r o m  t h e  s p e c t r a l  
a n d  p h o t o e l e c t r i c  d a t a .  W i t h o u t  a n a l y z i n g  t h e  r e a s o n s  f o r  t h i s  
d e v i a t i o n ,  w e  u s e d  b o t h  v a l u e s  o f  p i n  t h e  s u b s e q u e n t  c a l c u l a t i o n s .  
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The f i n a l  d a t a  for p o  a r e  g i v e n  i n  T a b l e  4 .  T a b l e  5 shows t h e  v a l u e s  
f o r  t h e  o p t i c a l  t h i c k n e s s  T a n d  t h e  p r o b a b i l i t i e s  of  quantum s u r -  
v i v a l  w f o r  t h r e e  v a l u e s  o f  t h e  f i rs t  c o e f f i c i e n t  i s  a n  e x p a n s i o n  
of t h e  s c a t t e r i n g  i n d e x  i n t o  a s e r i e s  b y  L e g e n d r e  p o l y n o m i a l s  XI. 
I n  d e t e r m i n i n g  t h e m ,  w e  u s e d  t h e  a v e r a g e  v a l u e s  o f  p o  a n d  M g i v e n  
i n  T a b l e  4 ,  as  w e l l  as  t h e  t a b l e s  o f  [13,14]. W e  t h e n  c a l c u l a t e d  

0.4 

0.3 

0.2 

0.1 

X 

a o l  . . I -  I 

400 600 700 809 A ,  m p  

F i g .  4 .  F u n c t i o n  o f  t h e  B r i g h t n e s s  C o e f f i c i e n t  w i t h  t h e  Wave leng th  
f o r  t h e  Mars H i g h l a n d s  (1 - S p e c t r a l  and  P h o t o e l e c t r i c  D a t a ;  2 - 
Data of  P h o t o g r a p h i c  P h o t o m e t r y ) .  

t h e  v a l u e s  o f  t h e  b r i g h t n e s s  c o e f f i c i e n t  o f  t h e  l i m b  o f  t h e  Mars 
d i s k  Pr ( r  = 0 . 8 5  R d ) a c c o r d i n g  t o  t h e  v a l u e s  f o u n d  f o r  T and  w ,  
and  we p r e s e n t e d  them i n  T a b l e  6 .  The o b s e r v e d  v a l u e s  o f  pr 
a t  t h e  e d g e  o f  t h e  d i s k  and  t h e  f i n a l  v a l u e s  f o r  t h e  p a r a m e t e r s  
A i ,  2 1 ,  w and T a r e  g i v e n  i n  T a b l e  7 ( t h e  s u b s c r i p t s  c o r r e s p o n d  
t o  T a b l e  4 ) .  

T A B L E  5 
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I 

T A B L E  6 

~ __ 
I 0.43 &L . I  0.53 il. I 0.G5 u 

0.0 0.063 0.109 0.099 0.142 0.138 0.161 
1.0 O.OT,D 0.093 0.086 0.118 0.130 0.155 
1.5 0.045 0.071 0.058 0.0!)3 0.112 0.140 

TABLE 7 

- 
0 4 3 1 ”  ’ O S 3  [I 

_ I  - _  __ 

P a r a m e t e r s  2 

p,, 0.065 0.120 0.120 0.175 
O . O l 9  0.002 0.084 0.115 3: 0.053.. 0.102 0.115 0.16‘3 

x, 1.3 1 . ;  1.1 1 . 1  
0 )  0.65 0.76 0.76 0.S5 
2 0.76 1.05 0.55 0.68 

- 
0.G p 1‘1 2 

0.230 0.278 
0.128 n.152 
0.230 0.278 
1 . 1  1.1 
0 . 9 ~  I .no 
0.19 0.21. 

2 .  A s i d e  f rom r a r e  e x c e p t i o n s ,  t h e  Mars a t m o s p h e r e  h a s  a 
t r a n s m i s s i v i t y  f a c t o r  wh ich  d o e s  n o t  c h a n g e  i n  t i m e  o v e r  t h e  e n t i r e  
i n t e r v a l  X A  u n d e r  i n v e s t i g a t i o n .  T h u s ,  for t h e  o v e r w h e l m i n g  m a j o r -  
i t y  o f  m a r i a ,  w e  h a v e  c(X) = 1. I n  o t h e r  w o r d s ,  t h e  t r u e  h i g h l a n d -  
mare c o n t r a s t  c h a n g e s  o v e r  t h e  s p e c t r u m .  

I n  t h i s  c a s e ,  t h e  o b s e r v e d  o s c i l l a t i o n s  o f  K / K r k  i n d i c a t e  t h a t  
t h e  e n e r g y  d i s t r i b u t i o n  i n  t h e  s p e c t r u m  o f  e a c h  s i n g l e  mare i s  d i f -  
f e r e n t .  A s  i n  t h e  f i r s t  c a s e ,  t h e  mare w i t h  number 2 0  i s  c h a r a c -  
t e r i z e d  b y  t h e  s m a l l e s t  d e c r e a s e  i n  o b s e r v e d  c o n t r a s t  n e a r  t h e  
v i o l e t  e n d  o f  t h e  s p e c t r u m .  We w i l l  a t t r i b u t e  t h e  s m a l l  d i f f e r e n c e  
b e t w e e n  s p e c t r a l  v a l u e s  f o r  t h e  c o n t r a s t  o f  t h i s  mare  t o  t h e  b l u r r -  
i n g  e f f e c t  of t h e  Mars a t m o s p h e r e ,  a n d  w e  w i l l  a ssume t h a t  c (A)  = 1. 
Then ,  i n  t h e  ca se  o f  p u r e  s c a t t e r i n g  a n d  a s p h e r i c a l  i n d e x ,  f o r  
v a l u e s  of t h e  a l b e d o  o f  t h e  h i g h l a n d  a s  g i v e n  i n  T a b l e  4 ,  w e  w i l l  
f i n d  t h e  f o l l o w i n g  v a l u e s  a c c o r d i n g  t o  t h e  P O  a n d  p f o u n d  f o r  t h i s  
mare ( T a b l e  4 )  f o r  t h e  Mars a t m o s p h e r e :  

J u s t  a s  i n  t h e  f i r s t  c a s e ,  w e  u s e d  t h e  t a b l e s  of [13,141 f o r  t h e s e  
c a l c u l a t i o n s ,  and  w e  made t h e  computed  v a l u e s  of  pr a g r e e  w i t h  t h o s e  
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o b s e r v e d .  

The o p t i c a l  p a r a m e t e r s  f o u n d  i n  t h i s  case  for t h e  Mars a tmo-  
s p h e r e  a l l o w  u s  t o  d e t e r m i n e  t h e  a v e r a g e  b e h a v i o r  o f  t h e  r e a l  con-  
t r a s t  o v e r  t h e  s p e c t r u m  o v e r  a l l  t h e  m a r i a ,  w i t h i n  t h e  f ramework  
of  t h e  a s s u m p t i o n s  made.  O m i t t i n g  t h e  s i m p l e  c a l c u l a t i o n s  b a s e d  
on (1) l e t  u s  p r e s e n t  t h e  f i n a l  r e s u l t  for t h e  c o e f f i c i e n t  A): 

0.43 0.53 0.b5 0.75 

A n a l y s i s  o f  t h e  R e s u l t s  and  C o n c l u s i o n s .  W e  have  examined  two 
p o s s i b l e  c a u s e s  for t h e  o b s e r v e d  o s c i l l a t i o n s  i n  c o n t r a s t s  on Mars 
i n  t h e  v i s i b l e  s p e c t r a l  r e g i o n .  I n  t h e  f i r s t  v a r i a t i o n ,  t h e  d a t a  
o f  t h e  o b s e r v a t i o n s  c o r r e s p o n d  t o  s u b s t a n t i a l  d i s o r d e r e d  o s c i l l a -  
t i o n s  i n  t h e  t r a n s m i s s i v i t y  o f  t h e  Mars a t m o s p h e r e ,  a n d ,  i n  t h e  
s e c o n d  c a s e ,  t h e y  c o r r e s p o n d  t o  a c e r t a i n  d i f f e r e n c e  i n  t h e  e n e r g y  
d i s t r i b u t i o n  i n  t h e  s p e c t r u m  of i n d i v i d u a l  m a r i a  for c o n s t a n t  t r a n s -  
m i s s i v i t y  o f  t h e  a t m o s p h e r e .  I n  t h e  f i r s t  c a s e ,  t h e  Mars a t m o s p h e r e  
s h o u l d  h a v e  a n  o p t i c a l  t h i c k n e s s  c l o s e  t o  u n i t y  i n  t h e  v i o l e t  l i n e s ,  
a s  w e l l  as  s u b s t a n t i a l  t r u e  a b s o r p t i o n .  The s c a t t e r i n g  of  l i g h t  
o c c u r s  m a i n l y  i n  a e r o s o l s  ( X I  = 1). I n  t h e  s e c o n d  c a s e ,  t h e  Mars 
a t m o s p h e r e  h a s  an  o p t i c a l  t h i c k n e s s  wh ich  i s  o n e  o r d e r  l e s s  t h a n  i n  
t h e  f i r s t  c a s e ,  f o r  p u r e  s c a t t e r i n g  and  a s p h e r i c a l  i n d e x .  

L e t  u s  t u r n  t o  T a b l e  2 ,  where  t h e  c o n t r a s t s  a r e  g i v e n ,  a s  w e l l  
a s  t h e i r  r a t i o s ,  r e p r e s e n t i n g  t h e  a v e r a g e  v a l u e  f o r  e a c h  c o m p l e t e  
r e v o l u t i o n  o f  Mars .  A s  c a n  b e  s e e n  f r o m  t h e  t a b l e ,  t h e  r a t i o s  K/K 
r e m a i n e d  p r a c t i c a l l y  unchanged  for a l l  t h e  t h r e e  o b s e r v a t i o n  p e r i o d s ,  
wh ich  can  b e  c o n s i d e r e d  a s  an  i n d i c a t i o n  t h a t  t h e  t r a n s m i s s i v i t y  o f  
t h e  Mars a t m o s p h e r e  w a s  c o n s t a n t  d u r i n g  t h e  e n t i r e  p e r i o d  o f  o b s e r v a -  
t i o n s  i n  1 9 5 6 .  We s h o u l d  m e n t i o n ,  however ,  t h a t  t h e  d a t a  o f  t h e  
l a s t  row i n  T a b l e  2 r e f e r  t o  t h e  p e r i o d  of  a d u s t  s t o r m  on Mars, 
which  c a u s e d  a d e c r e a s e  i n  c o n t r a s t  i n  a l l  t h e  s p e c t r a l  r e g i o n s  
u n d e r  i n v e s t i g a t i o n ,  e x c e p t  for t h e  v i o l e t  (0.431.11, where  t h i s  
c h a n g e  c o u l d  r e m a i n  u n n o t i c e a b l e ,  s i n c e  t h e  measu remen t  a c c u r a c y  
w a s  n o t  g r e a t  i n  s m a l l  c o n t r a s t  m e a s u r e m e n t s  i n  t h e s e  l i n e s .  

T h u s ,  t h i s  f a c t ,  t h a t  t h e  r a t i o  K / K r k  k e p t  i t s  v a l u e  d u r i n g  
t h e  p e r i o d  of  t h e  d u s t  s t o r m ,  c o r r o b o r a t e s  t h a t  v a r i a t i o n  a c c o r d i n g  
t o  wh ich  t h e  Mars a t m o s p h e r e  i n  i t s  o r d i n a r y  s t a t e  ( i n  t h e  a b s e n c e  
o f  a b r u p t  anomalous  phenomena)  h a s  a low o p t i c a l  t h i c k n e s s  which  
i s  c o n s t a n t  i n  t i m e .  F i n a l l y ,  h a v i n g  r e v i s e d  t h e  d a t a  o f  T a b l e  3 
( l a s t  c o l u m n ) ,  w e  c a n  s e e  t h a t ,  e x c e p t  f o r  r a r e  c a s e s ,  a l l  t h e  
Mars mar i a  o b s e r v e d  i n  1 9 5 4  w i t h  d o u b l e  s u p e r p o s i t i o n  of  l o n g i t u d e s  
show c o n s t a n c y  ( w i t h i n  t h e  l i m i t s  o f  t h e  e r r o r s )  i n  t h e  r a t i o  K c / K k  
for t h e  e n t i r e  p e r i o d  o f  o b s e r v a t i o n s .  The mono tonous  d e c r e a s e  
o b s e r v e d  i n  t h e  c o n t r a s t  a t  t h e  end  o f  t h e  p e r i o d  o f  o b s e r v a t i o n s  
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( n e a r  t h e  b e g i n n i n g  o f  summer i n  t h e  s o u t h e r n  h e m i s p h e r e  o f  Mars)  
w a s  a p p a r e n t l y  d u e  t o  a t r u e  d e c r e a s e  i n  s u r f a c e  c o n t r a s t s .  

The a b o v e  s h o w s ,  i n  o u r  o p i n i o n ,  t h a t  t h e  o b s e r v e d  o s c i l l a t i o n s  
i n  t h e  r a t i o  examined  f o r  t h e  h i g h l a n d - m a r e  c o n t r a s t s  were  due  ma in -  
l y  t o  some d i f f e r e n c e  i n  t h e  c h a n g e  o f  a l b e d o  o v e r  t h e  s p e c t r u m  f o r  
i n d i v i d u a l  maria o f  Mars, as  w e l l  as  t o  t h e  s u b s t a n t i a l  e f f e c t  o f  
t h e  measu remen t  e r r o r s .  Some o f  t h e  o b s e r v e d  c h a n g e s  i n  t h e  con-  
t r a s t s  t h e m s e l v e s  s h o u l d  n o t  b e  c o n s i d e r e d ,  s i n c e  t h e y  may b e  f o u n d  
t o  b e  d e c e p t i v e  when t h e r e  i s  no s t r i c t  c o n t r o l  o v e r  t h e  t u r b u l e n t  
s t a t e  o f  t h e  E a r t h ' s  a t m o s p h e r e  a n d  t h e r e  a r e  s u b s t a n t i a l  m e a s u r e -  
ment e r r o r s .  

T A B L E  8 

XI 

0.0 

1 .0  
1 . 5  

lCapp 0 . i 2  0.17 0.26 0.28 
0.18 0.21 0.27 0.28 

A, 0.08 0.14 0.25 0.30 
C 0.09 0.15 0.25 0.30 
Pr 0.07 0.10 0.14 0.1G 

0.032 0.028 0.Of0 0 T O  

7 0.25 0.17 0.05 0 
w 0.80 0.85 1 - 

" r e a l  

i W e  w i l  L s f i n i t e l y  assume 

i 

__ 

G3 K O  1- 1 t h a t  t h e  c h a n g e  i n  t r u e  con-  
t r a s t  o v e r  t h e  s p e c t r u m  i s  
c h a r a c t e r i z e d  by t h e  a v e r a g e  

d i s c u s s e d  i n  S e c t i o n  2 o f  t h e  
p r e c e d i n g  d i v i s i o n .  Then ,  
t a k i n g  t h e  a v e r a g e  v a l u e s  o f  
t h e  r a t i o  K/Kpk ( T a b l e  2 )  

!bLl ! 
4 j v a l u e s  of t h e  p a r a m e t e r  l / c ( X )  1 04 

eZL-,-2. 0 0.3 0.4 a5 016 a7 0.8 0.9 10 r 1 
1.5 "1 

F i g .  5 .  Change i n  High land-Mare  w i t h o u t  a c o n s i d e r a t i o n  o f  
C o n t r a s t  a t  t h e  Limb o f  t h e  Mars t h e  v a l u e s  of  K - < 0 . 0 5  f o r  
D i s k  ( 1 9 5 4 , 1 9 5 6 ) .  
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0.43  a n d  u s i n g  t h e  f o r m u l a s  i n  (1) a n d  ( 2 )  a n d  t h e  t a b l e s  o f  [ 1 3 ,  
1 4 1 ,  w e  w i l l  o b t a i n  t h e  d a t a  p r e s e n t e d  i n  T a b l e  8 .  T h i s  t a b l e  a l s o  
c o n t a i n s  v a l u e s  o f  o r  c a l c u l a t e d  a c c o r d i n g  t o  t h o s e  f o u n d  f o r  T and  
W ,  which  were  compared  t o  t h o s e  o b s e r v e d .  I n  t h e s e  c a l c u l a t i o n s ,  
we u s e d  t h e  a v e r a g e  v a l u e s  o f  p 1  and p 2  g i v e n  i n  T a b l e  4 f o r  t h e  
b r i g h t n e s s  c o e f f i c i e n t  o f  t h e  h i g h l a n d s  a t  t h e  c e n t e r  of  t h e  d i s k ,  
s i n c e  it i s  s t i l l  d i f f i c u l t  t o  g i v e  p r e f e r e n c e  t o  a n y  s i n g l e  r e s u l t  
i n c l u d e d  i n  F i g u r e  4 .  

The f i n a l  r e s u l t s  f o r  T and  w a t  0 5 x 1  51 are  g i v e n  i n  T a b l e  
9 ,  t o g e t h e r  w i t h  o t h e r  o p t i c a l  c h a r a c t e r i s t i c s  o f  Mars. 

F i n a l l y ,  l e t  u s  f o r m u l a t e  t h e  c o n c l u s i o n s  wh ich  c a n  b e  drawn 
Erom an  a n a l y s i s  o f  t h e  o b s e r v e d  c o n t r a s t s  b e t w e e n  t h e  h i g h l a n d s  
a n d  m a r i a  o f  Mars and  t h e  c a l c u l a t i o n s  p r e s e n t e d  a b o v e .  

F i g .  6 .  D e c r e a s e  i n  High land-Mare  C o n t r a s t  on  Mars Due t o  t h e  Dus t  
S to rm i n  1 9 5 6  (1 - J u l y ,  2 - A u g u s t - S e p t e m b e r ) .  

( 1 )  The p h o t o m e t r i c  d a t a  on t h e  h i g h l a n d - m a r e  c o n t r a s t s  ob-  
t a i n e d  i n  d i f f e r e n t  s p e c t r a l  r e g i o n s  c a n  s e r v e  a s  t h e  b a s i s  f o r  
d e t e r m i n i n g  t h e  o p t i c a l  p a r a m e t e r s  o f  t h e  Mars a t m o s p h e r e .  The 
o s c i l l a t i o n s  i n  t h e  t r a n s m i s s i v i t y  o f  t h e  Mars a t m o s p h e r e  c a n  b e  
d e t e c t e d  o n l y  when t h e r e  a r e  c o n t r a s t s  m e a s u r e d  f o r  t h e  same m a r i a .  

( 2 )  A s t u d y  o f  t h e  m e a s u r e d  v a r i a t i o n s  i n  t h e  c o n t r a s t  r a t i o  
K/Krk shows t h a t  t h i s  phenomenon can  b e  e x p l a i n e d  m a i n l y  b y  t h e  
d i f f e r e n c e s  i n  t h e  b e h a v i o r  o f  t h e  a l b e d o  o v e r  t h e  s p e c t r u m  f o r  
i n d i v i d u a l  m a r i a ,  a s  w e l l  a s  t h e  measu remen t  e r r o r s .  

(3) The Mars a t m o s p h e r e  h a s  i n v a r i a b l e  t r a n s m i s s i v i t y ,  e x c e p t  
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for r a r e  c a s e s .  The o b s e r v a t i o n s  wh ich  w e  c a r r i e d  o u t  i n  1 9 5 4 ,  
1 9 5 6  a n d  1 9 5 8  a c c o r d i n g  t o  t h e  method of  p h o t o g r a p h i c  p h o t o m e t r y  
d i d  n o t  show a n y  s o - c a l l e d  v i o l e t  t r a n s i l l u m i n a t i o n s .  A t  t h e  
same t i m e ,  t h e s e  i l l u m i n a t i o n s  were  s o m e t i m e s  o b s e r v e d  i n  v i s u a l  
o b s e r v a t i o n s .  I n  o r d e r  t o  o b t a i n  q u a n t i t a t i v e  d a t a  on t h e  t r a n s -  
i l l u m i n a t i o n s ,  t h e r e  m u s t  b e  p h o t o g r a p h i c  o b s e r v a t i o n s  w i t h  e x -  
p o s u r e s  of h u n d r e d t h s  o f  a s e c o n d ,  wh ich  p a r t i a l l y  e l i m i n a t e  t h e  
d i s t o r t i n g  e f f e c t  o f  t h e  E a r t h ' s  a t m o s p h e r e ,  b r i n g i n g  a b o u t  s u b -  
s t a n t i a l  b l u r r i n g  o f  t h e  t r u e  c o n t r a s t s .  I n  p h o t o m e t r i c  o b s e r v a -  
t i o n s  r e q u i r i n g  s e v e r a l  s e c o n d s  o f  r e c o r d i n g  t i m e ,  t h e r e  must  b e  
s t r i c t  c o n t r o l  o v e r  t h e  s t a t e  o f  t h e  E a r t h ' s  a t m o s p h e r e .  The 
d e c r e a s e  we o b t a i n e d  e a r l i e r  [12] i n  t h e  r e d  l i n e s  o f  t h e  h i g h l a n d -  
mare  c o n t r a s t  a t  t h e  e d g e  o f  t h e  Mars d i s k  ( F i g .  5 )  a l s o  may b e  
d e c e p t i v e ,  s i n c e  t h e  d i s t o r t i n g  e f f e c t  o f  t h e  E a r t h ' s  a t m o s p h e r e  
i n c r e a s e s  i n  t h e  same d i r e c t i o n ;  

( 4 )  The Mars a t m o s p h e r e  h a s  an o p t i c a l  t h i c k n e s s  wh ich  i s  
o n e  o r d e r  g r e a t e r  t h a n  f o l l o w s  f r o m  s p e c t r a l  d a t a  a c c o r d i n g  t o  
m e a s u r e m e n t s  o f  t h e  C O P  b a n d s ,  and  i s  c h a r a c t e r i z e d  by  a c e r t a i n  
t r u e  a b s o r p t i o n  i n  t h e  v i o l e t  s p e c t r a l  r e g i o n .  If  we assume t h a t  
t h e  v a l u e s  o f  t h e  p a r a m e t e r  T g i v e n  i n  T a b l e  9 a r e  due  c o m p l e t e l y  
t o  a e r o s o l s ,  and  i f  we d i v i d e  t h e  s c a t t e r i n g  component  a c c o r d i n g  
t o  t h e  v a l u e s  o b t a i n e d  for w ,  t h e n  we w i l l  f i n d  a r a d i u s  o f  a e r o -  
s o l  p a r t i c l e s  on t h e  o r d e r  o f  l o b 5  c m  and  a q u a n t i t y  of p a r t i c l e s  
o f  1 O 1 O  c m - 2 .  The c o n - t r a s t s  f o u n d  a c c o r d i n g  t o  t h e  1 9 5 6  o b s e r v a -  
t i o n s  f o r  t h e  same m a r i a  b e f o r e  and  a f t e r  t h e  d u s t  storm ( F i g .  6 )  
g a v e  d i m e n s i o n s  o f  t h e  d u s t  p a r t i c l e s  o f  r m 1 . 5  [ S I .  A p p r o x i -  
m a t i n g  c a l c u l a t i o n s  show t h a t  t h e  q u a n t i t y  of  t h e s e  p a r t i c l e s  i s  
e q u a l  t o  106-107 c m - 2 .  

7 4  



REFERENCES 

1. 

2. 

3. 

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

10. 

11. 

1 2 .  
1 3 .  

14. 

K o v a l ' ,  I . K . :  I z v e s t .  K o m i s s i i  PO F i z i k e  P l a n e t ,  Vol. 3 ,  p p .  

B a r a b a s h o v ,  N.P. a n d  I . K .  K o v a l ' :  A s t r o n .  Z h u r .  , V o l .  3 7 ,  N O .  

S h a r o n o v ,  V . V . :  I n  t h e  Book: R e z u l ' t a t y  n a b l y u d e n i y  Marsa 

76-84 ,  1 9 6 1 .  

2 ,  1 9 6 0 .  

vo vremya v e l i k o g o  p r o t i v o s t o y a n i y a  1 9 5 6  g .  v SSSR ( R e s u l t s  
o f  Mars O b s e r v a t i o n s  D u r i n g  t h e  Grea t  O p p o s i t i o n  o f  1 9 5 6  i n  
t h e  U . S . S . R . ) .  M O S C O W ,  Akad. Nauk S . S . S . R . ,  p p .  1 5 5 - 1 6 4 ,  1 9 5 9 .  

B a r a b a s h o v ,  N.P. a n d  I . K .  K o v a l ' :  F o t o g r a f i c h e s k a y a  f o t o m e t r i y a  
s o  s v e t o f i l ' t r a m i  v 1 9 5 6  ( P h o t o g r a p h i c  P h o t o m e t r y  w i t h  L i g h t  
F i l t e r s  i n  1 9 5 6 ) .  K h a r ' k o v ,  K h a r ' k o v  S t a t e  U n i v e r s i t y  P r e s s ,  
1 9 5 9 .  

S y t i n s k a y a ,  N . N . :  I n  t h e  Book: R e z u l ' t a t y  n a b l y u d e n i y  Marsa 
vo  vremya v e l i k o g o  p r o t i v o s t o y a n i y a  1 9 5 6  g .  v SSSR ( R e s u l t s  
o f  Mars O b s e r v a t i o n s  d u r i n g  t h e  G r e a t  O p p o s i t i o n  o f  1 9 5 6  
i n  t h e  U . S . S . R . ) .  M O S C O W ,  Akad. Nauk S.S.S.R., 
p p .  1 6 6 - 1 7 1 ,  1 9 5 9 .  

K o v a l ' ,  I . K .  and  A . V .  Morozhenko:  A s t r o n .  Z h u r . ,  V o l .  3 9 ,  
p .  6 5 ,  1 9 6 2 .  

Bugayenko,  L . A . ,  0 . 1 .  Bugayenko,  I . K .  K o v a l '  a n d  A . V .  Moro- 
z h e n k o :  I n  t h e  Book: F i z i k a  Luny i p l a n e t  ( P h y s i c s  o f  t h e  
Moon a n d  P l a n e t s ) .  K i e v ,  IINaukova dumka", 1 9 6 4 .  

Bugayenko,  L . A . ,  0 . 1 .  Bugayenko,  I . K .  K o v a l '  and  A . V .  Moro- 
z h e n k o :  I n  t h e  Book: F i z i k a  Luny i p l a n e t  ( P h y s i c s  o f  t h e  
Moon a n d  P l a n e t s ) .  K i e v ,  "Naukova dumka", 1 9 6 6 .  

K o m i s s i i  P O  F i z i k e  P l a n e t ,  V o l .  2 ,  p p .  36 -40 ,  1 9 6 0 .  

T h e o r e t i c a l  A s t r o p h y s i c s ) .  M O S C O W ,  "Nauka" ,  p p .  239-255,  
1 9 6 7 .  

1 9 5 6 .  

B a r a b a s h o v ,  N . P . ,  I . K .  K o v a l '  a n d  A . T .  C h e k i r d a :  I z v e s t .  

S o b o l e v ,  V . V . :  K u r s  t e o r e t i c h e s k o y  a s t r o f i z i k i  ( C o u r s e  i n  

K o v a l ' ,  I . K . :  A s t r o n .  T s i r k  K h a r ' k o v .  A s t r o n .  O b s e r v . ,  V o l .  1 5 ,  

K o v a l ' ,  I . K . :  A s t r o n .  Z h u r . ,  V o l .  3 4 ,  p p .  412-418 ,  1 9 5 7 .  
Morozhenko,  A . V .  a n d  E . G .  Y a n o v i t s k i y :  I n  t h e  Book :  Voprosy  

a s t r o f i z i k i  ( P r o b l e m s  o f  A s t r o p h y s i c s ) .  K i e v ,  "Naukova 
dumka" , 1 9  65 .  

Morozhenko,  A.V. a n d  Y e . G .  Y a n o v i t s ' k i y :  T a b l i t s i  d l y a  
r o z r a k h u n k u  i n t e n s i v n o s t e y  v i p r o m i n y u v a n n y a  a t m o s f  e r  
p l a n e t  ( T a b l e s  f o r  C a l c u l a t i n g  t h e  R a d i a t i o n  I n t e n s i t i e s  
o f  t h e  A t m o s p h e r e s  of P l a n e t s ) .  Kiev,  "Naukova dumka!', 
1 9 6 4 .  

75 



THE NATURE OF THE POLAR C A P S  O F  MARS 

I . K .  Kova l  ' a n d  A . V .  Morozhenko 

ABSTRACT:  Data a r e  g i v e n  on t h e  change in s i z e  
o f  t h e  p o Z a r  caps  of Mars w i t h  t h e  h e z i o c e n t r i c  
Z o n g i t u d e ,  accor;ding t o  p h o t o g r a p h i c  and v i s u a 2  
o b s e r v a t i o n s  ( F i g .  2 ) .  The s t r u c t u r e  and n a t u r e  
o f  t h e  p o Z a r  caps  a r e  d i s c u s s e d  on t h e  b a s i s  o f  
Zong-term p h o t o m e t r i c  i n v e s t i g a t i o n s .  The amount 
o f  wa ter  on Mars i s  e s t i m a t e d .  The s u b s t a n c e  
f o r m i n g  t h e  p o l a r  caps is assumed t o  be concen-  
t r a t e d  on t h e  Mars s u r f a c e ,  and seems t o  be a 
d i s c o n t i n u o u s  Zayer o f  snow w i t h  neu-traZ aZbedo 
equaZ t o  0 . 8 .  T h i s  assumes t h a t  t h e  Zayer o f  
snow o c c u p i e s  approx imatezy  2 5 %  o f  t h e  a r e a  o f  
t h e  cap .  Using a vaZue o f  2 em f o r  t h e  t h i c k -  
n e s s  o f  t h e  snow ZayerS t h e  amount o f  p r e c i p i t -  
abZe w a t e r  is found t o  be equaZ t o  0 . 0 0 5 - 0 . 0 5  
g / c m 2 .  

The m o n o c h r o m a t i c  a l b e d o  of t h e  p o l a r  r e g i o n s  o f  Mars h a s  b e e n  
d e t e r m i n e d  r e p e a t e d l y ,  a n d  it c a n  p r e s e n t l y  b e  h e l d  t h a t  t h e  con-  
t r a s t  p r o d u c e d  b y  t h e  p o l a r  c a p s  w i t h  t h e  n e i g h b o r i n g  Mars s u r f a c e  
i n c r e a s e s  r a p i d l y  a r o u n d  t h e  v i o l e t  e n d  o f  t h e  s p e c t r u m  a n d  a v e r a g e s  
40-50% a r o u n d  0.41.1, a g a i n s t  t h e  2 0 %  a r o u n d  0 . 6 5 1 ~ .  A t  t h e  same t i m e ,  
t h e  b r i g h t n e s s  f a c t o r  of t h e  c a p s ,  wh ich  i s  o b t a i n e d  d i r e c t l y  f r o m  
o b s e r v a t i o n s ,  h a s  t h e  r e v e r s e  b e h a v i o r  o v e r  t h e  s p e c t r u m  and ave r -  
a g e s  0 . 2 5  a n d  0 . 4 5  p f o r  t h e  same w a v e l e n g t h s .  

The s p e c t r a l  v a l u e s  f o r  t h e  a l b e d o e s  o f  t h e  c a p s  c h a n g e  s u b -  
s t a n t i a l l y  i n  d e p e n d e n c e  o n  t h e  s e a s o n  i n  t h e  g i v e n  h e m i s p h e r e  o f  
t h e  p l a n e t ;  h o w e v e r ,  t h e  p a t h  of  t h e  a l b e d o  o v e r  t h e  s p e c t r u m  r e -  
m a i n s  p r a c t i c a l l y  u n c h a n g e d .  

We c o u l d  m e n t i o n  a number o f  p e r i o d s  when t h e  p o l a r  c a p  w a s  
a t  t h e  l i m i t  o f  d e t e c t i o n  ( c o n t r a s t  o f  a b o u t  0 . 0 5 )  i n  t h e  l o n g -  
wave s p e c t r a l  r e g i o n ,  w h i l e  it w a s  r a t h e r  b r i g h t  i n  t h e  b l u e  l i n e s .  
For e x a m p l e ,  w e  c o u l d  m e n t i o n  t h e  o p p o s i t i o n  o f  1 9 6 1 ,  a s  w e l l  a s  
1 9 6 5  ( a f t e r  t h e  m i d d l e  o f  S e p t e m b e r ) .  

D u r i n g  o t h e r  p e r i o d s ,  f o r  example  i s  J u n e - A u g u s t  of  1 9 5 6 ,  t h e  
p o l a r  c a p  w a s  c l e a r l y  d i s t i n g u i s h a b l e  a g a i n s t  t h e  p l a n e t a r y  d i s k  
o v e r  a l l  t h e  s p e c t r a l  r e g i o n s  of t h e  i n t e r v a l  0 .36 -0 .84  p .  

T h e s e  o b s e r v a t i o n a l  f a c t s  s h o u l d  u n d e r l i e  a n y  h y p o t h e s i s  c o n -  
c e r n i n g  t h e  n a t u r e  of  t h e  p o l a r  c a p s  o f  Mars. 
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I n f o r m a t i o n  on  t h e  c h a n g e  i n  s i z e  o f  t h e  p o l a r  c a p s  o f  Mars 
i n  d e p e n d e n c e  on  t h e  h e l i o c e n t r i c  l o n g i t u d e  o f  t h e  p l a n e t  i s  g i v e n  
i n  t h i s  s t u d y .  The d a t a  w e r e  b a s e d  m a i n l y  on  y e a r s  o f  p h o t o g r a p h i c  
o b s e r v a t i o n s .  Our work a l s o  d i s c u s s e s  t h e  p h o t o m e t r i c  c h a r a c t e r -  
i s t i c s  of  t h e  c a p s  o b t a i n e d  f o r  a number o f  o p p o s i t i o n s .  The p r o -  
b l em o f  t h e  p o s s i b l e  n a t u r e  of  t h e  c a p s  o f  Mars i s  examined  on  t h e  
b a s i s  o f  t h e  l a t t e r ,  w i t h  some a s s u m p t i o n s  r e l a t i v e  t o  t h e i r  s t r u c -  
t u r e .  

Change i n  S i z e  o f  t h e  P o l a r  Caps .  The p o l a r  c a p s  o f  Mars a r e  
t h e  mos t  a c c e s s i b l e  f o r  o b s e r v a t i o n s  o f  d e t a i l s  o f  t h e  p l a n e t a r y  
d i s k  b e c a u s e  o f  t h e i r  r e l a t i v e l y  l a r g e  s i z e .  For many y e a r s ,  ob -  
s e r v e r s  u s i n g  m i c r o m e t r i c  m e a s u r e m e n t s  d i r e c t l y  w i t h  a t e l e s c o p e  
or p h o t o g r a p h i c  i m a g e s  h a v e  a c c u m u l a t e d  a v a s t  amount  o f  d a t a  which  
i n d i c a t e  t h e  c h a n g e  i n  s i z e  o f  t h e  p o l a r  c a p s  o f  Mars d u r i n g  t h e  
c o u r s e  of  a p r a c t i c a l l y  c o m p l e t e  c y c l e  of  s e a s o n s  f o r  a l l  t h e  h e l i o -  
c e n t r i c  l o n g i t u d e s  o f  t h e  p l a n e t .  

S i n c e  t h e  o b s e r v a t i o n a l  p e r i o d  i s  l i m i t e d  t o  a f e w  mon ths  d u r -  
i n g  o n e  o p p o s i t i o n  of  t h e  p l a n e t ,  and  it a l l o w s  for m e a s u r e m e n t s  
o n l y  i n  a s m a l l  r a n g e  o f  h e l i o c e n t r i c  l o n g i t u d e s ,  t h e  c o m p l e t e  
c y c l e  o f  c h a n g e s  i n  s i z e  o f  t h e  c a p s  of Mars c a n  b e  t r a c e d  o n l y  
a c c o r d i n g  t o  many y e a r s  o f  o b s e r v a t i o n s  c a r r i e d  o u t  b y  v a r i o u s  
o b s e r v e r s  w i t h  d i f f e r e n t  o b s e r v a t i o n a l  i n s t r u m e n t s  f o r  d i f f e r e n t  
s t a t e s  o f  t h e  E a r t h ' s  a t m o s p h e r e .  T h i s  l e a d s  t o  a s u b s t a n t i a l  d i s -  
c r e p a n c y  i n  t h e  p o i n t s  on summary t a b l e s  o f  t h e  c h a n g e  i n  s i z e  o f  
t h e  p o l a r  c a p s .  

A s  a r u l e ,  t h e  c h a n g e  i n  s i z e  o f  t h e  M a r t i a n  c a p s  i s  g i v e n  
i n  t h e  f o r m  o f  a g r a p h  o f  t h e  c h a n g e  i n  l a t i t u d e  of  t h e  a v e r a g e  
b o u n d a r y  o f  t h e  c a p  i n  d e p e n d e n c e  on t h e  h e l i o c e n t r i c  l o n g i t u d e  
o f  Mars. 

The c o n t r a s t  b e t w e e n  t h e  p o l a r  c a p  and  t h e  n e i g h b o r i n g  h i g h l a n d  
r e g i o n s  o f  t h e  p l a n e t  i n  t h e  v i s i b l e  s p e c t r a l  r e g i o n  i s  u s u a l l y  
3 0 - 4 0 % ,  and  v i s u a l  m e a s u r e m e n t s  o f  t h e  a p p a r e n t  h e i g h t  o f  t h e  c a p  
c a n  b e  c a r r i e d  o u t  w i t h  e r r o r  o f  a b o u t  l", which  i s  e q u i v a l e n t  t o  
an  e r r o r  i n  t h e  l a t i t u d e  o f  t h e  c a p  b o u n d a r y  o f  a b o u t  4 O  for a 
l a t i t u d e  o f  60°  i n  z e r o  a r e o c e n t r i c  i n c l i n a t i o n  o f ' t h e  E a r t h  a t  
t h e  moment o f  a g r e a t  o p p o s i t i o n  ( d  = 2 5 " ) ,  a n d  a b o u t  6 O  for a 
l a t i t u d e  o f  7 0 ° .  I t  i s  o b v i o u s  t h a t  t h e s e  e r r o r s  i n c r e a s e  i n  
c o r r e s p o n d e n c e  w i t h  a n  i n c r e a s e  o f  t h e  E a r t h - t o - M a r s  d i s t a n c e  a n d ,  
f o r  e x a m p l e ,  a r e  e q u a l  t o  5 and  8 O  for d d =  15 "  for t h e  same v a l u e s  
o f  t h e  a e r o g r a p h i c  l a t i t u d e .  

However ,  t h e  s i z e  o f  a p o l a r  c a p  i s  u s u a l l y  d e t e r m i n e d  d u r i n g  
p e r i o d s  when t h e  c o r r e s p o n d i n g  p o l e  i s  i n c l i n e d  t o w a r d  t h e  E a r t h  
a t  s e v e r a l  d e g r e e s ;  t h e r e f o r e ,  t h e  e r r o r  i n  m e a s u r e m e n t s  i s  a c t u a l l y  
l e s s  t h a n  t h e  c i t e d  v a l u e s .  

I n  m e a s u r i n g  t h e  d i m e n s i o n s  o f  t h e  p o l a r  c a p s  a c c o r d i n g  t o  
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p h o t o g r a p h i c  i m a g e s ,  t h e  e r r o r  i n  t h e  v a l u e  o f  t h e  l a t i t u d e  d e t e r -  
mined  i s  made b y  p h o t o g r a p h i c  i r r a d i a t i o n  a r i s i n g  as  a r e s u l t  o f  
a s u b s t a n t i a l  c a p - h i g h l a n d  c o n t r a s t ,  a s  w e l l  a s  t h e  s h a k i n g  o f  t h e  
image d u e  t o  t h e  i n s t a b i l i t y  of  t h e  E a r t h ' s  a t m o s p h e r e .  

I n  o r d e r  t o  e v a l u a t e  t h e  e r r o r  c o n t r i b u t e d  b y  t h e  p h o t o g r a p h i c  
i r r a d i a t i o n ,  w e  c a r r i e d  o u t  t h e  f o l l o w i n g  e x p e r i m e n t .  Two a d j a c e n t  
b a n d s  c o a t e d  w i t h  s u b s t a n c e s  w i t h  d i f f e r e n t  d e g r e e s  o f  s e l e c t e d  
r e f l e c t i v i t y  w e r e  p h o t o g r a p h e d  s o  t h a t  t h e i r  t o t a l  image  d i d  n o t  
e x c e e d  2 mm i n  w i d t h  ( w h i c h  i s  c l o s e  t o  t h e  d i a m e t e r  o f  t h e  image 
o f  M a r s ) ,  w h i l e  t h e  p h o t o g r a p h i c - d e n s i t y  d i f f e r e n t i a l  w a s  c l o s e  t o  

t h e  d i f f e r e n t i a l  b e t w e e n  t h e  c a p  
and  t h e  h i g h l a n d s  s u r r o u n d i n g  i t .  
I t  w a s  f o u n d  t h a t  t h e  i n c r e a s e  i n  
w i d t h  o f  t h e  l i g h t e r  band  i m i t a t i n g  
t h e  p o l a r  c a p  o f  Mars was a b o u t  5 %  
o f  t h e  s c a l e d  w i d t h  o f  t h e  model  
f o r  n o r m a l  p h o t o g r a p h i c  d e n s i t y  
( l . Z ) ,  for t h e  e m u l s i o n  Agfa  I S S .  
For a d i a m e t e r  o f  t h e  image of  Mars 
e q u a l  t o  2 mm o b t a i n e d  a t  t h e  moment 
o f  t h e  g r e a t  o p p o s i t i o n ,  t h i s  i n -  

40 50 60 70 L; c r e a s e  i s  b y  1 . 2 "  a n d  i s  c o m p a r a b l e  
t o  t h e  e r r o r  i n t r o d u c e d  b y  t h e  s h a k -  
i n g  o €  t h e  image for a s a t i s f a c t o r y  

F i g .  1. Errors i n  D e t e r -  t u r b u l e n t  s t a t e  o f  t h e  a t m o s p h e r e  
m i n i n g  t h e  A p p a r e n t  L a t i -  o f  t h e  E a r t h .  
t u d e  $ o f  a P o l a r  Cap f o r  
L i n e a r  D i f f u s i o n  of  t h e  T h u s ,  t h e  p h o t o g r a p h i c  i r r a d i a -  
R e a l  Boundary  Ay Due t o  t i o n ,  j u s t  a s  t h e  image  s h a k i n g ,  
P h o t o g r a p h i c  I r r a d i a t i o n  b r i n g s  a b o u t  a s y s t e m a t i c  d e c r e a s e  
and S h a k i n g  o f  t h e  Image i n  t h e  l a t i t u d e  o f  t h e  b o u n d a r y  of  
[(Ay = 0 . 0 1  (1); 0 . 0 3  ( 2 )  t h e  p o l a r  c a p s  o f  Mars d e t e r m i n e d  
0 . 0 5  (3); 0 . 0 7  ( 4 ) ;  0 . 1 0  a c c o r d i n g  t o  p h o t o g r a p h i c  i m a g e s .  
R d ( 5 ) I .  T h i s  d e c r e a s e  p r o g r e s s e s  w i t h  a n  

i n c r e a s e  i n  t h e  d i s t a n c e  o f  t h e  
p l a n e t  f r o m  t h e  E a r t h  a n d ,  w i t h  t h e  s c a l e  o f  t h e  image o r d i n a r i l y  
unchanged  d u r i n g  t h e  c o u r s e  of t h e  e n t i r e  o b s e r v a t i o n a l  p e r i o d  
d u r i n g  an  o p p o s i t i o n ,  t o g e t h e r  w i t h  t h e  s h a k i n g  o f  t h e  i m a g e ,  it 
c a n  b r i n g  a b o u t  s u b s t a n t i a l  e r r o r s  i n  d e t e r m i n i n g  t h e  b o u n d a r y  
o f  a Mars c a p .  

F i g u r e  1 c o n t a i n s  g r a p h s  wh ich  i l l u s t r a t e  t h e  v a l u e s  of t h e  
e r r o r  i n  d e t e r m i n i n g  t h e  p o s i t i o n  o f  t h e  b o u n d a r y  o f  a p o l a r  c a p  
wi+;h a p p a r e n t  l a t i t u d e  of  $ 1  f o r  d i f f e r e n t  l i n e a r  v a l u e s  of t h e  
s p r e a d  Ay o f  t h e  t r u e  b o u n d a r y  $ 2 ,  e x p r e s s e d  i n  p e r c e n t a g e s  o f  
t h e  r a d i u s  o f  t h e  p l a n e t .  The c a l c u l a t i o n s  were  c a r r i e d  o u t  ac- 
c o r d i n g  t o  t h e  f o l l o w i n g  f o r m u l a :  

sin cq2 = 9 + sin TI. 
2 
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To d e t e r m i n e  $ 2  o f  t h e  p o l a r  c a p s  o f  Mars d u r i n g  t h e  o p p o s i t i o n s  
o f  1 9 5 0 ,  1 9 5 2 ,  1 9 5 4 ,  1 q 5 6 .  1 9 5 8  a n d  1960-1961 ,  w e  u s e d  t h e  p h o t o -  
g r a p h i c  d a t a  o b t a i n e d  by  N . P .  B a r a b a s h o v  and  o t h e r s  on t h e  2 0 -  
c e n t i m e t e r  r e f r a c t o r  a n d  t h e  2 7 - c e n t i m e t e r  r e f l e c t o r  o r  t h e  A s t r o -  
n o m i c a l  O b s e r v a t o r y  o f  K h a r ' k o v  S t a t e  U n i v e r s i t y .  The e x c e p t i o n  w a s  
t h e  p e r i o d  o f  1960-1961 ,  when t h e  m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  
a c c o r d i n g  t o  d a t a  o b t a i n e d  a t  t h e  Main A s t r o n o m i c a l  O b s e r v a t o r y  
of  t h e  Academy o f  S c i e n c e s  o f  t h e  U k r a i n i a n  S . S . R .  w i t h  t h e  a i d  
of  a 7 0 - c e n t i m e t e r  r e f l e c t o r .  All t h e  m i c r o m e t r i c  m e a s u r e m e n t s  
were  c a r r i e d  o u t  f o r  t h e  b l u e  and  g r e e n  s p e c t r a l  r e g i o n s .  The 
d a t a  of t h e  A s t r o n o m i c a l  O b s e r v a t o r y  o f  K h a r ' k o v  S t a t e  U n i v e r s i t y  
were  u s e d  by  u s  i n  1 9 6 5 .  The " h e i g h t s "  o f  t h e  p o l a r  c a p s  m e a s u r e d  
w e r e  r o u g h l y  c o r r e c t e d  f o r  t h e  c i t e d  e f f e c t s  w i t h  v a l u e s  o f  Ay = 
0 .05-0 .08  R c f  , i n  d e p e n d e n c e  on  t h e  E a r t h - M a r s  d i s t a n c e  and  f o r  
Ay = 0 . 0 5  R d  for t h e  moment o f  a g r e a t  o p p o s i t i o n .  T h i s  v a l u e  
c o r r e s p o n d s  t o  t h e  s p r e a d  o f  t h e  b o u n d a r y  o f  t h e  c a p  b y  1 . 2 "  a n d ,  
i n  o u r  o p i n i o n ,  i s  c l o s e  t o  t h e  t r u e  v a l u e .  The measu remen t  r e -  
s u l t s  o b t a i n e d  a r e  g i v e n  i n  T a b l e  1 and t h e y  a g r e e  w e l l  w i t h  t h e  
o b s e r v a t i o n s  of o t h e r  a u t h o r s .  

T A B L E  1 

F i g u r e  2 shows a c o m p l e t e  c y c l e  o f  t h e  c h a n g e  i n  d i m e n s i o n s  
o f  b o t h  p o l a r  c a p s  o f  Mars, wh ich  w a s  o b t a i n e d  b o t h  a c c o r d i n g  t o  
o u r  m e a s u r e m e n t s  a n d  a c c o r d i n g  t o  t h e  d a t a  p u b l i s h e d  by  o t h e r  
o b s e r v e r s  [1,2,3, e t c . ] .  We s h o u l d  m e n t i o n  t h a t  t h e  d a t a  c o n c e r n -  
i n g  a d e t e r m i n a t i o n  o f  t h e  d i m e n s i o n s  o f  p o l a r  c a p s  which  a r e  b a s e d  
on v i s u a l  o b s e r v a t i o n s  and  p u b l i s h e d  i n  t h e  l i t e r a t u r e  a r e  n o t  v e r y  
g r e a t ,  and  it i s  i m p o s s i b l e  t o  p l o t  a l l  t h e  m e a s u r e m e n t s  on t h e  
summary g r a p h s ;  t h e r e f o r e ,  F i g u r e  2 g i v e s  o n l y  t h o s e  p o i n t s  wh ich  
c h a r a c t e r i z e  t h e  a v e r a g e  c h a n g e  i n  $ 2  o v e r  t h e  e n t i r e  r a n g e  o f  
h e l i o c e n t r i c  l o n g i t u d e s .  

I t  f o l l o w s  f r o m  F i g u r e  2 t h a t  t h e  s o u t h e r n  c a p  of Mars o c c u p i e s  
a n  a r e a  a t  t h e  maximum which  i s  1 . 5  t i m e s  l a r g e r  t h a n  t h a t  o f  t h e  
n o r t h e r n  c a p .  The maximum r a t e  o f  m e l t i n g  ( i n c r e a s e )  o f  t h e  s o u t h -  
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e r n  c a p  - '' c o r r e s p o n d s  t o  0 . 3 5 ,  w h i l e  i t  i s  e q u a l  t o  0 . 2 5  f o r  t h e  
n o r t h e r n  c a p .  

- d n  

F i g .  2 .  Change i n  D i m e n s i o n s  of  t h e  P o l a r  Caps  o f  Mars i n  Depend- 
e n c e  on t h e  H e l i o c e n t r i c  L o n g i t u d e  11 (Summary G r a p h s )  ( $  i s  t h e  
A e r o g r a p h i c  L a t i t u d e  o f  t h e  Cap B o u n d a r y ,  - S, 0 - N ) .  

The summary g r a p h s  of  t h e  c h a n g e  i n  d i m e n s i o n s  o f  t h e  p o l a r  
c a p s  o f  Mars w i t h  t h e  h e l i o c e n t r i c  l o n g i t u d e  g ive i l  i n  F i g u r e  2 ,  
t o g e t h e r  w i t h  t h e  d a t a  on t h e  t e m p e r a t u r e  p h a s e  on t h e  p l a n e t ,  
c a n  b e  u s e d  f o r  d i f f e r e n t  t y p e s  o f  c a l c u l a t i o n s  of  t h e  amount  o f  
t h e  y e a r l y  w a t e r  c y c l e  on Mars. Some c a l c u l a t i o n s  on t h i s  t h e n  
a r e  f o u n d  i n  C4,51.  

S t r u c t u r e  a n d  P o s s i b l e  N a t u r e  o f  t h e  P o l a r  Caps .  P h o t o m e t r i c  
d a t a  show t h a t  t h e  c a p - h i g h l a n d  c o n t r a s t  i n c r e a s e s  m o n o t o n o u s l y  
a r o u n d  t h e  v i o l e t  e n d  of  t h e  s p e c t r u m .  A b s o l u t e  m e a s u r e m e n t s  
l e a v e  no d o u b t  t h a t  t h e  b r i g h t n e s s  c o e f f i c i e n t s  o f  t h e  c a p s  d e -  
c r e a s e  i n  t h e  same d i r e c t i o n .  On ly  i n  i s o l a t e d  c a s e s  d o e s  t h e  
s p e c t r a l  c o u r s e  o f  t h e  b r i g h t n e s s  f a c t o r  f o r  t h e  p o l a r  c a p s  i n  
t h e  r a n g e  of  0 . 4 - 0 . 6 5  1-1 come c l o s e  t o  t h e  n e u t r a l  o n e .  I t  i s  
p o s s i b l e  t h a t  t h e  p o l a r  c a p s  c o n s i s t  o f  o n l y  one  a t m o s p h e r i c  com- 
p o n e n t  d u r i n g  t h e s e  p e r i o d s ,  and  t h e  b r i g h t n e s s  c o e f f i c i e n t  i n  t h e  
r e d  p a r t  o f  t h e  measu remen t  s p e c t r u m  r e l a t e s  t o  t h e  s u r f a c e  of  
Mars. 

The q u e s t i o n  o f  t h e  s t r u c t u r e  of p o l a r  c a p s  d u r i n g  d i f f e r e n t  
s e a s o n s  h a s  l o n g  b e e n  d i s c u s s e d  i n  t h e  l i t e r a t u r e .  The i n f r a r e d  
s p e c t r a  o f  t h e  c a p s  [ 6 , 7 1 ,  as w e l l  as  p o l a r i z a t i o n  o b s e r v a t i o n s  
[ 8 ] ,  i n d i c a t e  t h a t  t h e  p o l a r  r e g i o n  h a s  t h e  n a t u r e  o f  w a t e r  ( h o a r -  
f r o s t  or a t h i n  l a y e r  of s n o w ) .  T h i s  i s  a l s o  i n d i c a t e d  i n  t h e  
p h o t o g r a p h i c  o b s e r v a t i o n s  which  show t h e  r e a l i t y  o f  a s h a d e d  mar-  
g i n  a r o u n d  t h e  c a p  b o u n d a r y  which  i s  c l e a r l y  v i s i b l e  i n  t h e  g r e e n  
and  r e d  l i n e s  d u r i n g  t h e ' p e r i o d  o f  t h e  maximum r a t e  of m e l t i n g .  
The o b s e r v a t i o n s  wh ich  were  c a r r i e d  o u t  €or f o u r  months  i n  1 9 5 6  
[ 9 ]  showed t h e  e x i s t e n c e  o f  a s h a d e d  r i d g e  a r o u n d  t h e  b o u n d a r y  o f  
t h e  s o u t h e r n  p o l a r  c a p  o n l y  d u r i n g  t h e  p e r i o d  f r o m  J u l y  3 0  t o  
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A u g u s t  2 0 ,  wh ich  c o r r e s p o n d s  t o  a h e l i c e n t r i c  l o n g i t u d e  of  Mars o f  
a b o u t  330° and  m a x i m u m  r a t e  o f  m e l t i n g  o f  t h e  s o u t h e r n  p o l a r  c a p .  

The e x t e n s i v e  v i s u a l  o b s e r v a t i o n s  of t h e  p o i a r  c a p s  i n d i c a t e  
t h a t  n o t  o n l y  t h e i r  d i m e n s i o n s  c h a n g e ,  b u t  a l s o  t h e i r  c o l o r  a n d  
b r i g h t n e s s .  P r e v i o u s  p h o t o g r a p h i c  o b s e r v a t i o n s  w i t h  l i g h t  f i l t e r s  
El01 showed t h a t  t h e  p o l a r  c a p s  h a v e  g r e a t e r  d i m e n s i o n s  d u r i n g  c e r -  
t a i n  p e r i o d s  i n  t h e  v i o l e t  l i n e s  t h a n  i n  t h e  r e d .  Wrfgh t  s t a t e s  
j u s t i f i a b l y  t h a t  t h i s  e f f e c t  may b e  due  t o  t h e  e x i s t e n c e  o f  a n  
a t m o s p h e r i c  component  a r o u n d  t h e  p o l a r  c a p ,  a l t h o u g h  t h e  p h o t o -  
g r a p h i c  i r r a d i a t i o n  and  s h a k i n g  o f  t h e  image c o u l d  p l a y  a s u b s t a n -  
t i a l  r o l e  h e r e ,  and  t h e i r  e f f e c t  c o u l d  b r i n g  a b o u t  a f a l s e  i n c r e a s e  
i n  t h e  p h o t o g r a p h i c  s i z e  o f  t h e  c a p  i n  t h e  v i o l e t  l i n e s ,  i n  wh ich  
t h e  c o n t r a s t  b e t w e e n  t h e  c a p  a n d  t h e  s u r r o u n d i n g  h i g h l a n d s  i s  
c l o s e  t o  0 . 5 ,  a g a i n s t  t h e  0 . 2  i n  t h e  r e d  l i n e s .  A s t r o n g e r  a r g u -  
ment  i n  f a v o r  o f  t h e  e x i s t e n c e  o f  a t m o s p h e r i c  h a z e  o v e r  t h e  p o l a r  
r e g i o n s  of Mars, s c a t t e r i n g  t h e  v i o l e t  r a y s ,  i s  t h e  v a r y i n g  b r i g h t -  
n e s s  o f  t h e  p o l a r  c a p  n o t i c e d  by  s e v e r a l  o b s e r v e r s  d u r i n g  v i s u a l  
o b s e r v a t i o n s  i n  t h e  p e r i o d  p r e c e d i n g  i t s  m e l t i n g ,  and  d u r i n g  t h e  
m e l t i n g  p e r i o d .  For e x a m p l e ,  i n  1 9 5 6 ,  t h e  b r i g h t n e s s  of  t h e  s o u t h -  
e r n  p o l a r  c a p  o f  Mars d u r i n g  t h e  m e l t i n g  p e r i o d  ( J u l y ,  Augus t  i n -  
c r e a s e d  s u b s t a n t i a l l y  i n  c o m p a r i s o n  w i t h  t h e  o t h e r  s e a s o n s  and  w a s  
c l e a r l y  s e e n  i n  t h e  b l u e  a n d  i n f r a r e d  l i n e s  ( 0 . 4 3 )  and  0 .84  [ll]). 
The p h o t o m e t r i c  a n a l y s e s  o f  t h e  p h o t o g r a p h s  o b t a i n e d  showed t h a t  
a l l  t h e  o b s e r v a t i o n a l  d a t a  r e l a t i n g  t o  t h e  p o l a r  c a p  d u r i n g  t h i s  
p e r i o d  c o u l d  b e  e x p l a i n e d  c o m p l e t e l y  if we assumed t h a t  t h e  p o l a r  
s u b s t a n c e  w a s  p r o p a g a t e d  c o m p l e t e l y  o v e r  t h e  s u r f a c e  o f  t h e  p l a n e t  
and  w a s  o b s e r v e d  t h r o u g h  a Mars a t m o s p h e r e  wh ich  w a s  u n i f o r m  f o r  
t h e  e n t i r e  v i s i b l e  h e m i s p h e r e .  D u r i n g  t h e  s e c o n d  h a l f  o f  S e p t e m b e r  
o f  1 9 5 6 ,  a n d  l a t e r ,  a f t e r  a n  a l m o s t  t o t a l  d i s a p p e a r a n c e  of t h e  s o u t h -  
e r n  p o l a r  c a p  o v e r  t h e  e n t i r e  s p e c t r a l  r a n g e  o f  0 .36  - 0 . 8 4  1-1, a 
b r i g h t  s p o t  a g a i n  a r o s e  o v e r  t h e  p o l a r  r e g i o n ,  b u t  t h i s  t i m e  w i t h  
o t h e r  s p e c t r a l  v a l u e s  o f  t h e  a l b e d o .  

The b r i g h t n e s s  f a c t o r s  o f  t h e  s o u t h e r n  p o l a r  c a p  o f  Mars which  
were  o b t a i n e d  i n  J u n e - O c t o b e r  o f  1 9 5 6  w i t h  l i g h t  f i l t e r s  o f  0 . 3 6 ,  
0 . 4 3 ,  0 . 5 3 ,  0 .65  and  0 .75  1-1 t r a n s m i s s i o n  maxima a r e  g i v e n  i n  F i g u r e  
n 

F i g u r e  4 shows t h e  d e p e n d e n c e  o f  t h e  b r i g h t n e s s  c o e f f i c i e n t  o f  
t h e  s o u t h e r n  p o l a r  c a p  o f  Mars on  t h e  h e l i o c e n t r i c  l o n g i t u d e  a c c o r d -  
i n g  t o  o b s e r v a t i o n s  i n  1 9 5 4  [ 1 2 ]  a n d  1 9 5 6  [ S I .  D u r i n g  t h e s e  two 
o p p o s i t i o n s ,  t h e r e  were  a b s o l u t e  p h o t o m e t r i c  o b s e r v a t i o n s  wh ich  
were  mos t  s u i t a b l e  f o r  c o m p a r i n g  t h e  b r i g h t n e s s  a f  t h e  c a p  i n  t h e  
r e d  a n d  b l u e  l i n e s .  The o b s e r v a t i o n s  were  c a r r i e d  o u t  w i t h  b r o a d -  
band  f i l t e r s  w i t h  s e v e r a l  t r a n s m i s s i o n  maxima; t h e r e f o r e ,  t h e  b r i g h t -  
n e s s  c o e f f i c i e n t s  o b t a i n e d  i n  1 9 5 6  were  r e d u c e d  p r e l i m i n a r i l y  t o  
t h e  w a v e l e n g t h s  f o r  1 9 5 4  a c c o r d i n g  t o  t h e  a v e r a g e  c o u r s e  o f  t h e  
b r i g h t n e s s  of  t h e  c a p  d e p i c t e d  i n  T a b l e  2 i n  r e l a t i o n  t o  t h e  wave- 
l e n g t h .  The d a t a  g i v e n  i n  F i g u r e  4 r e l a t e  t o  w a v e l e n g t h s  o f  0 .46  
and  0 .65  1-1. The h o r i z o n t a l  l i n e s  show t h e  v a l u e s  o f  t h e  b r i g h t n e s s  
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c o e f f i c i e n t s  f o r  t h e  r e d  and  

i 

b l u e  l i n e s ,  r e f e r r i n g  t o  r e g i o n s  o f  
t h e  p l a n e t  a t  a d i s t a n c e  o f  0 . 8  
R d  f r o m  t h e  c e n t e r  ( t h e  m e a s u r e -  
m e n t s  w e r e  c a r r i e d  o u t  d u r i n g  t h e  
p e r i o d  o f  t h e  o p p o s i t i o n ) .  

A s  c a n  b e  s e e n  from t h e  f i g u r e ,  
for a v a l u e  o f  TI = 330° f o r  a gen-  
e r a l  s u b s t a n t i a l  d e v i a t i o n  i n  t h e  
m e a s u r e d  p o i n t s ,  w h i c h  c a n  b e  e x -  
p l a i n e d  m a i n l y  by  t h e  measu remen t  
e r r o r s  a n d  t h e  n o n u n i f o r m  b r i g h t -  
n e s s  o f  t h e  c a p  a t  d i f f e r e n t  a e r o -  
g r a p h i c  l o n g i t u d e s ,  t h e  b r i g h t n e s s  
o f  t h e  c a p  r e m a i n e d  c o n s t a n t  i n  
b o t h  s p e c t r a l  r e g i o n s .  

T h i s  r e s u l t  c a n  b e  e x p l a i n e d  
b y  t h e  f a c t  t h a t ,  d u r i n g  t h e  Mar- 
t i a n  au tumn a n d  t h e  b e g i n n i n g  o f  
t h e  summer i n  t h e  s o u t h e r n  hemi-  
s p h e r e  o f  Mars, up t o  t h e  p e r i o d  
o f  t h e  a b r u p t  d e c r e a s e  i n  d imen-  
s i o n s  o f  t h e  c a p  i n  t h e  b l u e  and  
r e d  l i n e s ,  t h e r e  w a s  o n l y  o n e  f o r -  
m a t i o n  o b s e r v e d ,  a n d  t h a t  w a s  l o -  
c a t e d  mos t  p r o b a b l y  o v e r  t h e  s u r -  
f a c e  o f  t h e  p l a n e t .  The more or 
l e s s  smooth  d e c r e a s e  i n  b r i g h t n e s s  
o f  t h e  c a p  i n  t h e  r a n g e  o f  t h e  
maximum r a t e  o f  i t s  m e l t i n g  ( 0  = 
3 4 0 O )  h a r d l y  c o r r e s p o n d s  t o  r e a l i t y .  
Most p r o b a b l y ,  t h e  e f f e c t  o f  t h e  
a t m o s p h e r i c  v i b r a t i o n  o f  t h e  i m a g e ,  
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F i g .  4 .  Change i n  B r i g h t n e s s  C o e f f i c i e n t  f o r  t h e  S o u t h e r n  P o l a r  Cap 
of  Mars A c c o r d i n g  t o  O b s e r v a t i o n s  i n  1 9 5 4  [ 1 2 ]  a n d  1956  C 9 l  ( - 
0 .65  1.1; 0 = 0 . 4 6  P I .  
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b l u r r i n g  a s m a l l  p o l a r  s p o t  d u r i n g  t h i s  p e r i o d  a n d  d e c r e a s i n g  i t s  
s u r f a c e  b r i g h t n e s s ,  a p p e a r s  h e r e  t o  a s i g n i f i c a n t  e x t e n t .  

S t a r t i n g  i n  t h e  m i d d l e  o f  S e p t e m b e r  in 1 9 6 5  (17 1 5 O ) ,  t h e  
p o l a r  c a p  w h i c h  a g a i n  a p p e a r e d  i n  t h e  b l u e  l i n e s  a l m o s t  r e a c h e d  
t h e  p r e v i o u s  b r i g h t n e s s  ( b r i g h t n e s s  f a c t o r  a v e r a g i n g  0 . 2 ,  i n s t e a d  
o f  0 .28  b e f o r e  t h e  d i s a p p e a r a n c e  o f  t h e  c a p )  a n d  made a c o n t r a s t  
o f  0 . 2  w i t h  t h e  b r i g h t n e s s  o f  t h e  s u r r o u n d i n g  s u r f a c e .  The b r i g h t -  
n e s s  c o e f f i c i e n t  o f  t h e  c a p  i n  t h e  r e d  l i n e s  d e c r e a s e s  f r o m  0 .42  
t o  0 . 3 1 ,  w h i l e  t h e  c o n t r a s t  d e c r e a s e s  t o  0 .08  a r o u n d  t h e  d e t e c t i o n  
l i m i t  o f  0 . 0 5 .  

T A B L E  2 
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,Spectral Values of the . 

0 .  so 
0.55 
0 .  (in 
(1 . I ,.i 
0.70 

O:II 0.12 
0.41 0.4n 
0 . 2 7  0.35 
n.32, 0.29 
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0:15 
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0.27 
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F i g .  5 .  B r i g h t n e s s  D i s t r i b u t i o n  a l o n g  
t h e  C e n t r a l  M e r i d i a n  of  Mars A c c o r d i n g  
t o  O b s e r v a t i o n s  on J a n u a r y  6 - 7 ,  1 9 6 1  
( A 0  = 0 . 0 2 ;  E i s  t h e  Ang le  o f  R e f l e c -  
t i o n :  1 - 0 . 6 5 ;  2 - 0 . 6 0 ;  3 - 0 . 5 7 ;  

0 . 4 5 ;  8 - 0 . 4 2  11). The B r i g h t n e s s  
D i s t r i b u t i o n  Along t h e  I n t e n s i t y  
E q u a t o r  on t h e  H i g h l a n d s  i s  R e p r e -  
s e n t e d  b y  t h e  Dashed  L i n e .  

8 

4 - 0 . 5 5 ;  5 - 0 . 5 4 ;  6 - 0 . 4 9 ;  7 - 

D u r i n g  t h e  o p p o s i t i o n  o f  1 9 6 1 ,  
t h e  s p e c t r o p h o t o m e t r i c  o b s e r v a t i o n s  
o f  Mars c a r r i e d  o u t  a t  t h e  Main A s t r o -  
n o m i c a l  O b s e r v a t o r y  o f  t h e  Academy o f  
S c i e n c e s  o f  t h e  U k r a i n i a n  S . S . S .  [I31 

I , 1 , - L - . L l  I I I I 1 

60 n w L; 
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f o r  o r i e n t a t i o n  o f  t h e  s l i t  o f - t h e  s p e c t r o g r a p h  a l o n g  t h e  c e n t r a l  
m e r i d i a n  o f  t h e  p l a n e t ,  l e d  t o  t h e  same r e s u l t .  The p h o t o m e t r i c  
s e c t i o n s  o f  t h e  s p e c t r u m  ( F i g .  5 )  show t h a t  t h e  c a p - h i g h l a n d  con-  
t r a s t  f o r  b o t h  p o l a r  c a p s  d e c r e a s e s  s m o o t h l y  f r o m  0 . 4 5  ( 0 . 4  u )  t o  
0.07  ( 0 . 6 5  11). The p h o t o g r a p h s  o f  Mars o b t a i n e d  w i t h  l i g h t  f i l t e r s  
d u r i n g  t h i s  p e r i o d  a l s o  do n o t  show t h e  p o l a r  c a p s  i n  t h e  r e d  l i n e s ,  
w h i l e  t h e y  a r e  c l e a r l y  v i s i b l e  i n  t h e  b l u e .  

T h i s  p e r i o d  o f  o b s e r v a t i o n s  c o r r e s p o n d s  t o  e q u i n o x  on Mars. 
The p o l a r  r e g i o n s  were  i n  s y m m e t r i c a l  s e a s o n a l  s t a g e s :  t h e  s o u t h e r n  
c a p  u n d e r w e n t  t h e  p r o c e s s  o f  f o r m a t i o n ,  w h i l e  t h e  n o r t h e r n  c a p  w a s  
o n  t h e  e v e  o f  t h e  m e l t i n g  p r o c e s s .  The p h o t o m e t r i c  c h a r a c t e r i s t i c  
o f  t h e  p o l a r  c a p s  o f  Mars m e n t i o n e d  a b o v e  r e f e r s  t o  d e f i n i t e  p e r i o d s  
o f  t h e i r  e v o l u t i o n ;  d u r i n g  t h e s e  p e r i o d s ,  t h e  p o l a r  c a p s  a r e  m a i n l y  
a t m o s p h e r i c  f o r m a t i o n s  s i m i l a r  i n  t e r m s  o f  o p t i c a l  p r o p e r t i e s  t o  
t h e  W r i g h t  c l o u d s  s o m e t i m e s  o b s e r v e d  on t h e  m o r n i n g  a n d  e v e n i n g  
l i m b s .  

L e t  u s  examine  t h e  p r o b l e m  o f  t h e  s t r u c t u r e  a n d  n a t u r e  o f  t h e  
p o l a r  c a p s  when t h e y  a r e  l o c a t e d  on t h e  s u r f a c e  of  t h e  p l a n e t .  
S e v e r a l  h y p o t h e s e s  r e l a t i v e  t o  t h e  s u b s t a n c e  f o r m i n g  t h e  p o l a r  c a p  
h a v e  b e e n  p r o p o s e d .  One o f  t h e m ,  t h e  i c e  h y p o t h e s i s ,  won p o p u l a r -  
i t y  i n  i t s  t i m e  b e c a u s e  of t h e  s p e c i f i c  r e f l e c t i v i t i e s  o f  i c e .  I c e  
i s  t r a n s p a r e n t  i n  t h e  long-wave  s p e c t r a l  r a n g e ;  t h e r e f o r e ,  t h e  
b r i g h t n e s s  o f  t h e  p o l a r  r e g i o n s  i n  t h e s e  l i n e s  i s  d e t e r m i n e d  m a i n l y  
by  t h e  r e f l e c t i v i t y  o f  t h e  t r u e  Mars s u r f a c e .  When t h e  w a v e l e n g t h  
d e c r e a s e s ,  t h e  r e f l e c t i v i t y  of  i c e  i n c r e a s e s  and  r e a c h e s  5 3 %  n e a r  
0 . 4 3  [14] .  However ,  t h i s  h y p o t h e s i s  d o e s  n o t  a g r e e  w i t h  t h e  f a c t  
t h a t  t h e  p o l a r  c a p s  d u r i n g  s i n g l e  p e r i o d s  a r e  s e e n  v e r y  c l e a r l y  o v e r  
t h e  e n t i r e  s p e c t r a l  r a n g e  u n d e r  i n v e s t i g a t i o n .  I n  t h i s  c a s e ,  t o  
e x p l a i n  t h e  n a t u r e  o f  t h e  c a p s ,  we m u s t  h a v e  a s u b s t a n c e  w i t h  a 
more n e u t r a l  r e f l e c t i o n  c o e f f i c i e n t .  T h i s  s u b s t a n c e  i s  snow o r  
h o a r f r o s t .  The h y p o t h e s i s  t h a t  t h e r e  i s  a c o n t i n u o u s  snow c o v e r  
i s  c o n f r o n t e d  w i t h  t h e  p r o b l e m  t h a t  t h e  r e f l e c t i o n  c o e f f i c i e n t  o f  
snow i s  a l m o s t  w a v e l e n g t h - i n d e p e n d e n t  a n d  i s  c l o s e  t o  80%.  The 
f a c t  t h a t  t h e  o b s e r v e d  b r i g h t n e s s  c o e f f i c i e n t  o f  t h e  p o l a r  c a p  i s  
a l w a y s  much l e s s  t h a n  0 . 8  i s  e x p l a i n e d  by  some a u t h o r s  e i t h e r  i n  
t e r m s  o f  a d i m i n i s h i n g  o f  t h e  b r i g h t n e s s  o f  t h e  p o l a r  c a p  b y  t h e  
Mars a t m o s p h e r e ,  or w i t h  t h e  c o n c e p t  t h a t  t h e  snow l a y e r  i s  n o t  
c o n t i n u o u s .  

The p o l a r i z a t i o n  o b s e r v a t i o n s  o f  t h e  p o l a r  c a p  and  t h e  l a b o r a -  
t o r y  m e a s u r e m e n t s  o f  t h e  p o l a r i z a t i o n  p r o p e r t i e s  of  h o a r f r o s t  c a r -  
r i e d  o u t  by  D o l l f u s  [ 8 ] ,  as  w e l l  as  t h e  c a l c u l a t i o n s  c a r r i e d  o u t  
by L e b e d e n s k i y  and  S a l o v a  [ S I ,  show t h a t  t h e  s u b s t a n c e  c o v e r i n g  
t h e  p o l a r  r e g i o n s  o f  Mars i s  h o a r f r o s t  or a d i s c o n t i n u o u s  l a y e r  o f  
snow. 

I n  our o p i n i o n ,  t h e  h y p o t h e s i s  o f  t h e  d i s c o n t i n u o u s  snow l a y e r  
or h o a r  f r o s t  i s  l i k e l y  and  c a n  e x p l a i n  t h e  s p e c t r a l  p r o p e r t i e s  o f  
t h e  p o l a r  c a p .  The p r e s e n c e  or a b s e n c e  of  a c a p  i n  t h e  long-wave  
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s p e c t r a l  r e g i o n  c a n  b e  d e t e r m i n e d  c o m p e l t e l y  by t h e  r a t i o  b e t w e e n  
t h e  a r eas  o f  t h e  r e g i o n s  c o v e r e d  w i t h  snow and  t h o s e  w i t h o u t  snow. 

L e t  US a t t e m p t  t o  c o n f i r m  t h i s  by  c a l c u l a t i o n s .  

We w i l l  a ssume i n  a r o u g h  a p p r o x i m a t i o n  t h a t  t h e r e  i s  no  a tmo-  
s p h e r e  on Mars. We w i l l  c a l l  t h e  a r e a  of t h e  p o l a r  r e g i o n  wh ich  
i s  c o v e r e d  w i t h  snow 6. The b r i g h t n e s s  c o e f f i c i e n t  of t h e  c a p  p c  
c a n  t h e n  be e x p r e s s e d  i n  t e r m s  o f  t h e  b r i g h t n e s s  c o e f f i c i e n t s  of  
t h e  h i g h l a n d  ph and  snow p s  i n  t h e  f o l l o w i n g  way: 

p , = ( l -  

For t h e  c o n t r a s t  h i g h l a n d - c a p  , 

For t h e  s a k e  o f  c o n v e n i e n c e ,  we w i l l  u s e  t h e  h i g h l a n d - c a p  c o n t r a s t  
i n  t h e  f o l l o w i n g  way, a s  o p p o s e d  t o  t h e  r a t i o  u s u a l l y  u s e d :  

S i n c e  p s  i s  c l o s e  t o  0 . 8  i n  t h e  r a n g e  o f  0 . 3 6 - 0 . 8 4  1 ~ ,  w h i l e  
B i s  a l s o  w a v e l e n g t h - i n d e p e n d e n t ,  t h e  c h a n g e  i n  c o n t r a s t  w i t h  t h e  
w a v e l e n g t h  w i l l  b e  w h o l l y  d e t e r m i n e d  b y  t h e  s p e c t r a l  p a t h  o f  t h e  
b r i g h t n e s s  c o e f f i c i e n t  of  t h e  h i g h l a n d .  T a b l e  3 g i v e s  t h e  computed  
v a l u e s  f o r  t h e  c o n t r a s t ,  for s e v e r a l  v a l u e s  o f  8 ,  i n  d e p e n d e n c e  on 
t h e  w a v e l e n g t h .  The b r i g h t n e s s  c o e f f i c i e n t s  o f  t h e  h i g h l a n d  were  
t a k e n  from t h e  c a t a l o g u e  i n  [SI. 
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0.03 0 . 0 2 : ~  o . n n  n.06~ 
0.10 0.OlL-l 0.142 0.218 
0.30 0.2SO 0:130 0.GtiO 

~- . .  . .  

1- 
_ _ . ~  - 

5.30 129 , nc,o 
I - -  ~ 

0.107 0.1W 0.358 
0.357 0.627 1.190 
1.070 1.880 3.580 

A s  c a n  be s e e n  from t h i s  t a b l e ,  t h e  c o n t r a s t  i n  t h e  long-wave  
s p e c t r a l  r e g i o n  f o r  low i s  v e r y  l o w ,  and  c a n  b e  i m p e r c e p t i b l e ,  
a c i r c u m s t a n c e  a t t r i b u t a b l e  t o  measu remen t  e r r o r s  for t h e  e x i s t i n g  
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a c c u r a c y  of p h o t o g r a p h i c  p h o t o m e t r y .  For e x a m p l e ,  t h i s  i s  a f f i r m e d  
i n  [13], w h e r e  it i s  shown t h a t  t h e  c u r v e s  f o r  t h e  b r i g h t n e s s  d i s -  
t r i b u t i o n  a l o n g  t h e  i n t e n s i t y  e q u a t o r  and  t h e  c e n t r a l  m e r i d i a n  c o i n -  
c i d e ,  a l t h o u g h ,  as w e  w i l l  s e e  l a t e r ,  t h e  c o n t r a s t  r e a c h e d  7 %  a r o u n d  
0 . 6 4  p on J a n u a r y  6 -7 ,  1 9 6 1 .  

T h e s e  c a l c u l a t i o n s  c a n  e x p l a i n  t h e  s p e c t r a l  p r o p e r t i e s  o f  t h e  
p o l a r  c a p s  q u a l i t a t i v e l y ;  t h e r e f o r e ,  w e  w i l l  a t t e m p t  t o  d e t e r m i n e  
t h e  v a l u e s  of  B i n  t h e  example  o f  t h e  Mars o b s e r v a t i o n s  i n  1 9 5 6  
and  1960-61 .  

F o r  t h e  p l a n e t s  e n v e l o p e d  b y  a n  a t m o s p h e r e ,  t h e  m e a s u r e d  con-  
t r a s t  K ,  i s  c o n n e c t e d  w i t h  t h e  r e a l  c o n t r a s t  K O  by t h e  f o l l o w i n g  
e x p r e s s i o n :  

where  p i s  t h e  b r i g h t n e s s  c o e f f i c i e n t  of t h e  a t m o s p h e r i c  column o v e r  
t h e  p o l a r  c a p .  For a p p r o x i m a t i v e  c a l c u l a t i o n s ,  we w i l l  n o t  c o n s i d e r  
t h e  e f f e c t  o f  t h e  Mars a t m o s p h e r e .  T h i s  a p p r o x i m a t i o n  i s  n o t  t o o  
r o u g h  i f  i t  i s  t r u e  t h a t  t h e  Mars a t m o s p h e r e  i n  t h e  s p e c t r a l  r e g i o n s  
u s u a l l y  o b s e r v e d  i s  o p t i c a l l y  t h i n  ( T  s 0 . 1 ) .  I n  t h i s  c a s e ,  ( 4 )  
i s  c o n v e r t e d  i n t o  ( 3 ) .  

F i g .  6 .  Dependence  o f  t h e  C o n t r a s t  o f  t h e  P o l a r  Caps of  Mars on 
t h e  Wave leng th  ( 0 - December 5 - 6 ,  1 9 6 0 ;  0 - J a n u a r y  6 - 7 ,  1 9 6 1 ) .  
The S o l i d  C u r v e s  D e s i g n a t e  t h e  C o n t r a s t  C a l c u l a t e d  for B = 0 . 0 6 1  
( u p p e r )  and  0 . 0 3 8  ( l o w e r ) .  

F i g u r e  6 shows t h e  h i g h l a n d - c a p  c o n t r a s t  w i t h  t h e  w a v e l e n g t h s  
f o r  t h e  o b s e r v a t i o n s  d u r i n g  t h e  o p p o s i t i o n  O f  1 9 6 0 - 1 9 6 1 .  The 
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a v e r a g e  v a l u e s  of t h e  c o n t r a s t  o b t a i n e d  f rom o b s e r v a t i o n s  o f  t h e  
s o u t h e r n  and  n o r t h e r n  p o l a r  c a p s  a r e  g i v e n  f o r  b o t h  d a t e s .  A v e r a g e  
v a l u e s  of  f3 e q u a l  t o  0 . 0 6 1  + 0 . 0 0 5  and  0 . 0 3 8  t 0 . 0 0 2 ,  r e s p e c t i v e l y ,  
w e r e  o b t a i n e d  f o r  t h e s e  t w o - o b s e r v a t i o n  d a t e s ,  The s o l i d  c u r v e s  
on  F i g u r e  6 r e p r e s e n t  t h e  c o n t r a s t  c a l c u l a t e d  a c c o r d i n g  t o  t h e  
v a l u e s  o f  f3 o b t a i n e d  as  a f u n c t i o n  o f  t h e  w a v e l e n g t h .  A s  c a n  b e  
s e e n ,  t h e  d i s a g r e e m e n t  b e t w e e n  t h e  c a l c u l a t e d  a n d  o b s e r v e d  con-  
t r a s t s  a r e  i n s i g n i f i c a n t  a n d  c a n  b e  e x p l a i n e d  b y  t h e  e r r o r s  i n  ob-  
s e r v a t i o n s  a n d  t h e  f o g g i n g  e f f e c t  o f  t h e  Mars a t m o s p h e r e .  

TABLE 4 

.___ 

I( 1 A I (  

- 1. .. 
0.2!) 0.03 
0.4 1 0 .01  
0.59 0.07 
0.75 0.06 
0.89 0.0'1 

0.29 
0 .42 
0.51 
0.7s 
0.89 

For 1 9 5 6 ,  we u s e d  t h e  a v e r a g e  v a l u e s  of t h e  c o n t r a s t  f o r  t h e  
s o u t h e r n  p o l a r  c a p  a c c o r d i n g  t o  o b s e r v a t i o n s  i n  J u n e - A u g u s t .  The 
v a l u e  o f  t h e  c o n t r a s t  K m ,  t h e  r o o t - m e a n - s q u a r e  d e v i a t i o n  i n  t h e  
c o n t r a s t  A K  a n d  t h e  v a l u e s  of  f3 a r e  g i v e n  i n  T a b l e  4 .  The d a t a  
o f  t h i s  t a b l e  show t h a t  t h e  v a l u e  of  @ i n  t h e  long-wave  s p e c t r a l  
r e g i o n  ( 0 . 5 3  - 0 .75  p )  i s  a l m o s t  w a v e l e n g t h - i n d e p e n d e n t ,  w h i l e  
it d e c r e a s e s  a r o u n d  t h e  u l t r a v i o l e t  end o f  t h e  s p e c t r u m .  T h i s  
d e c r e a s e  may b e  d u e  -to t h e  f o g g i n g  e f f e c t  of t h e  Mars a t m o s p h e r e .  
T h e r e f o r e ,  t h e  v a l u e s  o f  @ were  t a k e n  a s  e q u a l  t o  0 . 2 5  for an 
a v e r a g e ,  and t h e  t r u e  h i g h l a n d - p o l a r  c a p  c o n t r a s t  K O  was c a l c u l a t e d  
w i t h  t h e s e  v a l u e s  ( s e e  T a b l e  4 ) .  Knowing Km and  K O ,  t h e  o p t i c a l  
t h i c k n e s s  T o f  t h e  Mars a t m o s p h e r e  w a s  e v a l u a t e d  a c c o r d i n g  t o  ( 4 )  
a s  0 . 3 6  and  0 . 4 3  p. We s h o u l d  m e n t i o n  t h a t  t h e  v a l u e s  f o u n d  c a n  
be c o n s i d e r e d  a s  t h e  l o w e r  l i m i t ,  s i n c e  we t o o k  v a l u e s  for t h e  
o b s e r v e d  b r i g h t n e s s  c o e f f i c i e n t s  which  may b e  much g r e a t e r  t h a n  
t h e  r e f l e c t i o n  c o e f f i c i e n t  o f  t h e  Mars s u r f a c e  i n  c a l c u l a t i n g  K O  
f o r  t h e  r e f l e c t i o n  c o e f f i c i e n t  o f  t h e  h i g h l a n d s  i n  t h e  s h o r t - w a v e  
s p e c t r a l  r e g i o n .  Assuming p u r e  s c a t t e r i n g  a n d  a s p h e r i c a l  s c a t t e r -  
i n g  i n d e x ,  t h e  o p t i c a l  t h i c k n e s s  was f o u n d  t o  b e  e q u a l  t o  0 . 0 9  and  
0 .06  f o r  0 .36  a n d  0 . 4 3  p r e s p e c t i v e l y .  Assuming t h a t  t h e  f u n c t i o n  
of  t h e  o p t i c a l  t h i c k n e s s  w i t h  t h e  w a v e l e n g t h  o b e y s  t h e  same l a w  
f o r  t h e  r e d  s p e c t r a l  r e g i o n  as  i n  t h e  r e g i o n  of 0 .36  - 0 . 4 3  P ,  
w e  f o u n d  t h e  v a l u e s  o f  T o v e r  a l l  t h e  s p e c t r a l  r e g i o n s  a n d  r o u g h l y  
e s t i m a t e d  w h i c h  o n e  s h o u l d  b e  t h e  m e a s u r e d  c o n t r a s t  KA if t h e  t r u e  
o n e  were  t h e  same as  i n  t h e  column K O  ( t h e  v a l u e s  o f  T a n d  Km a r e  
g i v e n  i n  T a b l e  4 ) .  A s  c a n  b e  s e e n ,  t h e  f o g g i n g  e f f e c t  o f  t h e  Mars 
a t m o s p h e r e  i n  t h e  long-wave  s p e c t r a l  r e g i o n  i s  s m a l l  a n d  i s  w i t h -  
i n  t h e  l i m i t s  o f  t h e  e r r o r s  i n  d e t e r m i n i n g  t h e  a v e r a g e  v a l u e  o f  
t h e  c o n t r a s t .  
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Now l e t  u s  a t t e m p t  a r o u g h  e s t i m a t i o n  of  t h a t  amount  o f  wa te r  
M which  i s  n e c e s s a r y  f o r  t h e  f o r m a t i o n  of a p o l a r  c a p .  The v a l u e  
w e  t o o k  f o r  t h e  r e f l e c t i o n  c o e f f i c i e n t  of  snow,  e q u a l  t o  0 . 8 ,  c a n  
b e  a l a y e r  o f  a n y  t h i c k n e s s  b u t ,  o b v i o u s l y ,  n o  l e s s  t h a n  s e v e r a l  
c e n t i m e t e r s .  T o  e v a l u a t e  t h e  l o w e r  l i m i t  t o  t h e  amount o f  w a t e r  
f o r m i n g  t h e  p o l a r  c a p ,  w e  t o o k  t h e  t h i c k n e s s  o f  t h e  snow l a y e r  a s  
e q u a l  t o  2 c m ,  w h i l e  t h e  d e n s i t y  o f  t h e  snow w a s  d = 0 . 1  - 0 . 0 0 1  
g / cm3 .  The d a t a  o b t a i n e d  f o r  t h e  two v a l u e s  o f  B a r e  g i v e n  i n  
T a b l e  5 .  Data on  t h e  amount  o f  water  on Mars f o u n d  a c c o r d i n g  t o  
t h e  r a t e  of m e l t i n g  of  t h e  p o l a r  c a p  [ 5 ]  a n d  a c c o r d i n g  t o  o b s e r v a -  
t i o n s  [151 a r e  g i v e n  i n  t h e  l a s t  two r o w s  f o r  t h e  s a k e  o f  a compar-  
i s o n .  As c a n  b e  s e e n ,  t h e  model  we h a v e  i n v e s t i g a t e d  for t h e  p o l a r  
c a p s  d o e s  n o t  c o n t r a d i c t  t h e  s p e c t r o s c o p i c  d e t e r m i n a t i o n s  of  t h e  
amount of w a t e r  i n  t h e  Mars a t m o s p h e r e .  

T A B L E  5 

T h u s ,  t h e  c a l c u l a t i o n s  a -ove  show t h a t  t h e  p o l a r  c a p  of Mars 
i s  a d i s c o n t i n u o u s  l a y e r  of snow o c c u p y -  
i n g  up t o  2 5 %  o f  t h e  t o t a l  a r e a  i n  t h e  
model  we h a v e  a s sumed .  (--.-. ,' '3 

K/% , . ',, 

; I ?  

A s  w a s  shown i n  [16,17], t h e  t u r -  
I b u l e n t  v i b r a t i o n  o f  t h e  image d i s t o r t s  

t h e  r e a l  b r i g h t n e s s  d i s t r i b u t i o n  o v e r  
t h e  d i s k  of t h e  p l a n e t .  I t  i s  o b v i o u s  
t h a t  t h e  h i g h l a n d - c a p  c o n t r a s t  w i l l  

i a l s o  u n d e r g o  d i s t o r t i o n s  o f  t h i s  t y p e .  
S i n c e  we u s e d  t h e  o b s e r v e d  ( d i s t o r t e d )  
v a l u e s  o f  t h e  c o n t r a s t  i n  t h e  c a l c u l a -  
t i o n s ,  we c o n s i d e r e d  t h e  e f f e c t  of t h e  
image s h a k i n g  i n  o r d e r  t o  d e t e r m i n e  t h e  
p o s s i b l e  e r r o r  i n  f3 for b l u r r i n g  of  t h e  
h i g h l a n d - c a p  c o n t r a s t .  The c a l c u l a t i o n s  
were  c a r r i e d  o u t  for v a l u e s  of t h e  con-  
t r a s t  o f  0 . 5 ,  1 . 0 ,  1 . 5 ,  2 . 0 ,  f o r  d imen-  
s i o n s  of t h e  p o l a r  c a p  of A P O  = 0 . 3 R d  
and  for v a l u e s  of t h e  p a r a m e t e r  0 ,  

1.G /': 
.-! 

I 
I '  

0.5 I:/*{- fl:! I i 110 

00 005 0.10 0.15 d 

F i g .  7 .  Dependence  o f  
t h e  V a l u e s  A r / A  P O  on 
u a n d  on K O  ( 1  - K O  = 
0 . 5 ;  2 - K O  = 1.0; 3 - 
K O  = 1 . 5 ;  4 - K O  = 2 . 0 ) .  

c h a r a c t e r i z i n g  t h e  t u r b u l e n t  s t a t e  o f  t h e  E a r t h ' s  a t m o s p h e r e ,  o f  
0 . 0 5 ,  0 . 0 7 5 ,  0 . 1 0  and  0 . 1 5 .  S i n c e  t h e s e  c a l c u l a t i o n s  a r e  o f  a n  
e s p e c i a l l y  e v a l u a t i v e  n a t u r e ,  we a s sumed  t h a t  t h e r e  w a s  no  l i m b  
d a r k e n i n g  a l o n g  t h e  c e n t r a l  m e r i d i a n ,  w h i l e  t h e  p o l a r  c a p  w a s  
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r e p r e s e n t e d  b y  a r e c t a n g l e .  

The c a l c u l a t i o n s  showed t h e  f o l l o w i n g :  (1) for t h e  same v a l u e s  
o f  u ,  t h e  r a t i o  b e t w e e n  t h e  d i s t o r t e d  c o n t r a s t  a n d  t h e  t r u e  o n e  
K m / K 0  d o e s  n o t  d e p e n d  on K O ;  ( 2 )  t h e  t u r b u l e n t  v i b r a t i o n  o f  t h e  
i m a g e ,  i n  a d d i t i o n  t o  t h e  b l u r r i n g  o f  t h e  c o n t r a s t ,  i n c r e a s e s  t h e  
d i m e n s i o n s  o f  t h e  c a p ,  w h i l e  t h e  v a l u e  of  A r / A r o  d e p e n d s  b o t h  o n  
u a n d  o n  K O  ( F i g .  7 ) .  For t h e  b o u n d a r y  of  t h e  pol 'ar  c a p ,  w e  t o o k  
a p o i n t  a t  w h i c h  t h e  m e a s u r e d  c o n t r a s t  w a s  e q u a l  t o  5 %  i n  d e t e r -  
m i n i n g  i t s  d i s t o r t e d  d i m e n s i o n s .  

S i n c e  t h e  v a l u e  o f  f3 i s  p r o p o r t i o n a l  t o  K ,  t h e  v a l u e s  of B 
g i v e n  i n  T a b l e  4 s h o u l d  b e  c o n s i d e r e d  a s  t h e  l o w e r  l i m i t .  A s  c a n  
b e  s e e n  f r o m  F i g u r e  7 ,  t h e  m e a s u r e d  c o n t r a s t  a n d ,  c o n s e q u e n t l y  6 ,  
i s  0 . 6 7  of  t h e  a c t u a l  v a l u e s  e v e n  a t  u = O.15R . 
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THE EFFECT O F  ATMOSPHERIC VIBRATION O N  T H E  BRIGHTNESS 
DISTRIBUTION O V E R  THE DISK OF A P L A N E T  

I . K .  K o v a l ' ,  A . A .  R u b a s h e v s k i y  a n d  E . G .  Y a n o v i t s k i y  

A B S T R A C T :  The probZem of making c o r r e c t i o n s  for 
t h e  d i s t o r t i o n s  i n  t h e  b r i g h t n e s s  d i s t r i b u t i o n  
observed  aZong t h e  d i s k  o f  t h e  p l a n e t  because  of 
a t m o s p h e r i c  v i b r a t i o n  i s  d i s c u s s e d ,  The e f f e c t  
o f  t h e  w i d t h  of t h e  s Z i t  used  i n  d e t e r m i n i n g  
t h e  v i b r a t i o n a Z  d i s k  on t h e  a t m o s p h e r i c  v i b r a -  
t i o n  ( i n s t r u m e n t a z  f u n c t i o n )  i s  e s t i m a t e d  f o r  
t h e  c a s e  when t h e  Z a t t e r  i s  a Gauss ian  f u n c t i o n .  
I t  i s  shown t h a t  a r a t h e r  narrow s l i t  does  not 
e f f e c t  t h e  i n s t r u m e n t a z  f u n c t i o n .  I t  i s  d i s -  
c u s s e d  whe ther  or  n o t  t h e  d i s t o r t i o n s  invoZved  
a r e  s t a t i o n a r y .  Deta iZed  tabZes  a r e  g i v e n  for 
t h e  b r i g h t n e s s  d i s t r i b u t i o n  observed  when t h e  
t r u e  d i s t r i b u t i o n  i s  known. 

I n  o r d e r  t o  o b t a i n  r e l i a b l e  v a l u e s  f o r ' t h e  p h y s i c a l  p a r a m e t e r s  
of t h e  a t m o s p h e r e  and  t h e  s u r f a c e  o f  a p l a n e t  f r o m  t h e  o b s e r v e d  
b r i g h t n e s s  d i s t r i b u t i o n  o v e r  i t s  d i s k ,  it i s  n e c e s s a r y ,  f i r s t  o f  
a l l ,  t o  e l i m i n a t e  t h e  e f f e c t  o f  t h e  E a r t h ' s  a t m o s p h e r e .  

The p r i n c i p a l  f a c t o r  c a u s i n g  a d i s t o r t i o n  of  t h e  t r u e  b r i g h t -  
n e s s  d i s t r i b u t i o n  o v e r  t h e  d i s k  of t h e  p l a n e t  i s  t h e  a t m o s p h e r i c  
v i b r a t i o n ,  which  b r i n g s  a b o u t  a s i t u a t i o n  where  (1) t h e  o b s e r v e d  
b r i g h t n e s s  d i s t r i b u t i o n  seems  t o  b e  " smeared"  compared  t o  t h e  r e a l  
o n e  b e c a u s e  o f  t h e  e n e r g y  " t r a n s f e r "  beyond t h e  l i m i t s  o f  t h e  d i s k  
o f  t h e  p l a n e t ,  s o  t h a t  t h e  b r i g h t n e s s  of  t h e  p l a n e t  d i r e c t l y  b e h i n d  
t h e  l i m b  o f  t h e  e p h e m e r i s  d i s k  i s  n o t  e q u a l  t o  z e r o ,  or ( 2 )  i f  t h e  
i n t e n s i t y  o f  t h e  l i g h t  r e f l e c t e d  by  t h e  p l a n e t  d e c r e a s e s  f rom t h e  
c e n t e r  t o  t h e  l i m b ,  t h e n  t h e  a t m o s p h e r i c  v i b r a t i o n  l e a d s  t o  a d e -  
c r e a s e  i n  t h e  o b s e r v e d  i n t e n s i t y  i n  t h e  c e n t r a l  p a r t  o f  t h e  d i s k .  
If t h e r e  i s  an  i n c r e a s e  i n  b r i g h t n e s s  a r o u n d  t h e  l i m b ,  t h e n  an  
i n c r e a s e  i n  b r i g h t n e s s  w i l l  b e  o b s e r v e d  i n  t h e  c e n t r a l  r e g i o n s  
o f  t h e  d i s k .  G e n e r a l l y  s p e a k i n g ,  t h i s  d i s t o r t i o n  s h o u l d  b e  con-  
s i d e r e d  i n  c a r r y i n g  o u t  o b s e r v a t i o n s  by  t h e  m e t h o d s  o f  a b s o l u t e  
p h o t o m e t r y .  

U n t i l  v e r y  r e c e n t l y ,  p a r a l l e l  i n v e s t i g a t i o n s  wh ich  m i g h t  c o r r e c t  
t h e  o b s e r v e d  b r i g h t n e s s  d i s t r i b u t i o n  f o r  a t m o s p h e r i c  v i b r a t i o n  t o  
some e x t e n t  h a d  n o t  b e e n  c a r r i e d  o u t  for o b s e r v a t i o n s  o f  p l a n e t s .  
The f i r s t  s u c h  s t u d y  w a s  c a r r i e d  o u t  a t  t h e  Main A s t r o n o m i c a l  Ob- 
s e r v a t o r y  of  t h e  Academy o f  S c i e n c e s  o f  t h e  U k r a i n i a n  S . S . R .  d u r -  
i n g  t h e  Mars o b s e r v a t i o n s  i n  1 9 6 5  [l]. U s i n g  t h e s e  o b s e r v a t i o n s ,  
I.K. K o v a l '  [ 2 ]  a t t e m p t e d  t o  make a r o u g h  c o r r e c t i o n  o f  t h e  b r i g h t -  
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n e s s  d i s t r i b u t i o n  o b s e r v e d  o v e r  t h e  d i s k  o f  Mars. 

The p r i n c i p a l  e q u a t i o n s  u s e d  t o  d e t e r m i n e  t h e  t r u e  b r i g h t n e s s  
d i s t r i b u t i o n  o v e r  t h e  d i s k  o f  a p l a n e t  a c c o r d i n g  t o  t h e  o b s e r v e d  
d i s t r i b u t i o n  a r e  p r e s e n t e d  i n  t h i s  s t u d y .  The e f f e c t  of  t h e  w i d t h  
o f  t h e  s l i t  u s e d ,  i n  o b t a i n i n g  a p h o t o m e t r i c  s e c t i o n  of t h e  t u r -  
b u l e n t  d i s k  o f  a s t a r ,  on t h e  f u n c t i o n  o f  t h e  a t m o s p h e r i c  d i s t o r -  
t i o n  ( i n s t r u m e n t a l  f u n c t i o n ) ,  i f  t h e  l a t t e r  r e p r e s e n t s  a G a u s s i a n  
c u r v e ,  i s  e v a l u a t e d ;  a r e v i e w  i s  g i v e n  o f  t h e  m e t h o d s  u s e d  f o r  an 
a c c u r a t e  s o l u t i o n  t o  t h e  p r i n c i p a l  e q u a t i o n ,  and  d e t a i l e d  t a b l e s  
a r e  g i v e n  f o r  t h e  b r i g h t n e s s  d i s t r i b u t i o n  o b s e r v e d  when t h e  r e a l  
d i s t r i b u t i o n  i s  g i v e n  

P R I N C I P A L  EQUATIONS 

L e t  t h e  t r u e  b r i g h t n e s s  d i s t r i b u t i o n  o v e r  t h e  d i s k  of a p l a n e t  
b e  d e t e r m i n e d  b y  t h e  f u n c t i o n  F ( r ) ,  where  r i s  t h e  r a d i u s  v e c t o r  
o f  t h e  p o i n t  on t h e  d i s k  o f  t h e  p l a n e t  which  h a s  c o o r d i n a t e s  of 
2, Y - The a p p a r e n t  b r i g h t n e s s  d i s t r i b u t i o n  f ( r )  i s  t h e n  d e t e r m i n e d  
b y  t h e  f o l l o w i n g  r e l a t i o n s h i p  [11: 

where  

E q u a t i o n  (1) is an i n t e g r a l  F redho lm e q u a t i o n  of t h e  f i r s t  
k i n d .  The k e r n e l  o f  t h i s  e q u a t i o n  K ( r )  i s  t h e  i n s t r u m e n t a l  f u n c -  
t i o n .  I t  i n c l u d e s  b o t h  t h e  a t m o s p h e r i c  d i s t o r t i o n  a n d  t h e  d i s -  
t i o n s  i n t r o d u c e d  b y  t h e  i n s t r u m e n t .  

I n  t h e  o n e - d i m e n s i o n a l  c a s e ,  we o b v i o u s l y  h a v e  t h e  f o l l o w i n g ,  
i n s t e a d  o f  (1): 

T h i s  e q u a t i o n  i s  u s u a l l y  u s e d  i n  t h i s  form i n  c o r r e c t i n g  t h e  
o b s e r v e d  s p e c t r a l  l i n e  o f  t h e  Sun f o r  t h e  i n s t r u m e n t a l  c o n t o u r  [ 3 1 .  
I n  s u c h  a c a s e ,  t h e  c o n t o u r  o f  a n  i n f i n i t e l y  n a r r o w  s p e c t r a l  l i n e ,  
? . e . ,  t h e  i n s t r u m e n t a l  c o n t o u r ,  s h o u l d  b e  t a k e n  a s  K ( x ) .  However,  
i n  o b s e r v a t i o n s  o f  p l a n e t s ,  t h e  a p p e a r a n c e  o f  t h e  f u n c t i o n  K ( r )  i s  
d e t e r m i n e d  p r i m a r i l y  by  t h e  a t m o s p h e r i c  v i b r a t i o n  [l]. T h e r e f o r e ,  
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w e  m u s t  e s t a b l i s h  t h e  fo rm o f  t h e  f u n c t i o n  K(r) for a f u r t h e r  i n -  
v e s t i g a t i o n  o f  (1). 

INSTRUMENTAL F U N C T I O N  A N D  A C C U R A C Y  I N  F I N D I N G  
I T  FROM THE E X P E R I M E N T  

The d i s t o r t i n g  e f f e c t  of  t h e  a t m o s p h e r e  i s  due  p r i m a r i l y  t o  
d e f l e c t i o n s  of t h e  beam of  l i g h t ,  wh ich  a r e  of a random n a t u r e .  
T h e r e f o r e ,  it i s  n a t u r a l  t o  assume t h a t  t h e  i n s t r u m e n t a l  f u n c t i o n  
h a s  ( i n  t h e  o n e - d i m e n s i o n a l  c a s e )  t h e  f o l l o w i n g  f o r m :  

X I  

2.9 
- _  

K ( x ) = e  . ( 4 )  

A c t u a l l y ,  a s  M e i n e l  n o t e d  [ 4 ] ,  t h e  p r o f i l e  o f  t h e  d i s k  f o r  t h e  
o s c i l l a t i o n  o f  a s t a r  when t h e  t r a n s m i s s i v i t y  o f  t h e  E a r t h ' s  a tmo-  
s p h e r e  i s  good i s  a p p r o x i m a t e d  r a t h e r  w e l l  b y  a G a u s s i a n  c u r v e .  
A t  t h e  Main A s t r o n o m i c a l  O b s e r v a t o r y  of  t h e  Academy o f  S c i e n c e s  
of  t h e  U k r a i n i a n  S . S . R . ,  I . G .  K o l c h i n s k i y  [ S I  f o u n d  f r o m  many 
y e a r s  of i n v e s t i g a t i o n s  t h a t  t h e  d i s t r i b u t i o n  of  t h e  v i b r a t i o n  
a m p l i t u d e s  o f  a s t a r  i s  G a u s s i a n ,  w h i l e  i t  was shown i n  P S I  t h a t ,  
if t h e  t u r b u l e n c e  i n  t h e  a t m o s p h e r e  i s  c o n s i d e r e d  t o  b e  u n i f o r m ,  
t h e  a m p l i t u d e s  of  v i b r a t i o n  o f  a p o i n t  s o u r c e  beyond t h e  b o u n d a r i e s  
of  t h e  a t m o s p h e r e  a r e  d i s t r i b u t e d  a c c o r d i n g  t o  ( 4 ) .  

L e t  u s  now t u r n  t o  t h e  method which  w a s  u s e d  a t  t h e  Main A s t r o -  
n o m i c a l  O b s e r v a t o r y  o f  t h e  Academy o f  S c i e n c e s  o f  t h e  U k r a i n i a n  
S.S.R. [l] t o  f i n d  t h e  i n s t r u m e n t a l  f u n c t i o n .  P h o t o e l e c t r i c  s c a n n -  
i n g  of  t h e  s t a r  image  w i t h  a s l i t  whose h e i g h t  g r e a t l y  e x c e e d e d  t h e  
e f f e c t i v e  d i a m e t e r  o f  t h e  t u r b u l e n t  d i s k  o f  t h e  s t a r  w a s  c a r r i e d  
o u t  t o  d e t e r m i n e  t h i s  f u n c t i o n .  L e t  u s  assume t h a t  t h e  t r u e  b r i g h t -  
n e s s  d i s t r i b u t i o n  o v e r  t h e  t u r b u l e n t  d i s k  o b e y s  t h e  Gauss  l a w .  We 
mean t h e  f o l l o w i n g .  L e t  t h e  image o f  t h e  s t a r  by  s c a n n e d  by  a r o u n d  
d iaphragm1 o f  r a d i u s  d ( s o  s m a l l  t h a t  d < <  f'). L e t  i s  b e  f o u n d  
a s  a r e s u l t  t h a t  t h e  e n e r g y  m e a s u r e d  c h a n g e s  a c c o r d i n g  t o  t h e  f o l l o w -  
i n g  l a w  a l o n g  t h e  r a d i u s  r of t h e  i m a g e 2 :  

- __ ' The s p e c i f i c  s h a p e  o f  t h e  d i a p h r a g m  i s  n o t  o f  s i g n i f i c a n c e  i n  t h i s  
c a s e .  I t  i s  i m p o r t a n t  o n l y  t h a t  t h e  d i a p h r a g m  b e  s o  s m a l l  t h a t  t h e  
b r i g h t n e s s  o f  t h e  t u r b u l e n t  d i s k  w i t h i n  i t s  l i m i t s  c a n  b e  c o n s i d e r e d  
a s  c o n s t a n t  i n  a n y  o f  i t s  p a r t s .  

I t  i s  a s sumed  t h a t  t h e  e n e r g y  d i s t r i b u t i o n  o v e r  t h e  d i s k  d o e s  n o t  
depend  on  t h e  a z i m u t h .  
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where  IO i s  t h e  amount  o f  e n e r g y  o v e r  t h e  area r d 2  when t h e  c e n t e r  
o f  t h e  d i a p h r a g m  c o i n c i d e s  w i t h  t h e  c e n t e r  o f  t h e  i m a g e ;  

The q u e s t i o n  a r i s e s :  w i l l  t h e  b r i g h t n e s s  d i s t r i b u t i o n  o v e r  t h e  
t u r b u l e n t  d i s k  o f  t h e  image o f  t h e  same s t a r  c h a n g e  a c c o r d i n g  t o  
t h e  l a w  i n  ( 5 )  w i t h  t h e  same p a r a m e t e r  a ,  i f  t h e  b r i g h t n e s s  d i s t r i -  
b u t i o n  i s  m e a s u r e d  by  means o f  a s l i t  o f  i n f i n i t e  l e n g t h ,  i . e . ,  
t o  wha t  d e g r e e  d o e s  t h e  b r i g h t n e s s  d i s t r i b u t i o n  depend  on  t h e  s h a p e  
o f  t h e  d i a p h r a g m ?  We w i l l  n o t  c o n s i d e r  t h e  phenomenon o f  d i f f r a c -  
t i o n  on  t h e  s l i t .  

The amount  o f  e n e r g y  i n c i d e n t  on a u n i t  a r e a  a t  a p o i n t  w i t h  
c o o r d i n a t e s  ( z , y )  ( F i g .  1) i s  

The t o t a l  amount  o f  e n e r g y  r e c o r d e d  f r o m  t h e  e n t i r e  s l i t  o f  w i d t h  
2d i s ' t h e n  w r i t t e n  t h u s :  

T h u s ,  we u l t i m a t e l y  f i n d  t h a t  

We c a n  s e l e c t  t h e  h a l f w i d t h  o f  t h e  s l i t  a s  s o  s m a l l  t h a t  t h e  
d i m e n s i o n l e s s  v a l u e  ad s a t i s f i e s  t h e  f o l l o w i n g  c o n d i t i o n :  

ad <( 1. (10) 

L e t  u s  r e p r e s e n t  t h e  i n t e g r a l  i n  ( 9 )  i n  t h e  f o l l o w i n g  way: 
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However , 

from which  w e  f i n d  t h a t  

sh(2a'dz) *. a(%)  -- -- - 
2a2dz 

C o n s e q u e n t l y ,  we u l t i m a t e l y  f i n d  f rom ( 9 )  a n d  (11) t h a t  

T h u s ,  i f  t h e  b r i g h t n e s s  d i s t r i b u t i o n  o v e r  t h e  t u r b u l e n t  d i s k  
o f  t h e  s t a r  i s  m e a s u r e d  w i t h  t h e  a i d  o f  a r a t h e r  n a r r o w  s l i t  [ n a r r o w  
i n  t h e  s e n s e  of  f u l f i l l i n g  t h e  c o n d i t i o n  i n  (lo)], t h e n ,  as  f o l l o w s  
f r o m  (12), t h e  d i s t r i b u t i o n  f o u n d  i s  a l m o s t  i d e n t i c a l  t o  t h e  t r u e  
o n e .  I n  o t h e r  w o r d s ,  if we assume t h a t  t h e  o b s e r v e d  b r i g h t n e s s  
d i s t r i b u t i o n  i s  g i v e n  b y  t h e  f o r m u l a  

E (2) = 2fo - c - o ' z ~  t y  I i l  j./n 0 d 
) - I - - _  ! : -. 

'* . 
/ /' ' I ;.I> 

/I 

\ r' 1 - 1  i /l '\ 

/ ! t i t : \  , \  t h e n ,  i n  t h i s  c a s e ,  t h e  r e l a t i v e  e r r o r  
d e t e r m i n e d  by  ( l l a )  i s  a l l o w e d .  I ' I ; ' /  \ 

' \  
I 
I 
1 01 ' 

I I ( i I  J-i , / I .  j ~- 
The p r o f i l e s  o f  t h e  image of t h e  

s t a r  wh ich  a r e  g i v e n  i n  [l], a r e  a p p r o x -  
\, 1 i !,/ i m a t e d  w e l l  by  a G a u s s i a n  c u r v e .  Some 

d i s c r e p a n c y  i s  s o m e t i m e s  o b s e r v e d  i n  t h e  
l i m b s .  However ,  t h i s  c a n  b e  e l i m i n a t e d  
i f  t h e  i n s t r u m e n t a l  f u n c t i o n  i s  r e p r e -  
s e n t e d  i n  t h e  f o r m  o f  t h e  sum o f  two 

I ' I /  

~.+/JL 
F i g .  1. G a u s s i a n  c u r v e s ,  : . e . ,  

T h i s  r e p r e s e n t a t i o n  d o e s  n o t  i n t r o d u c e  a n y  b a s i c  a d d i t i o n a l  d i f f i -  
c u l t i e s  i n  s o l v i n g  (3). 

I n  a l l  a p p e a r a n c e s ,  t h e  b r i g h t n e s s  d i s t r i b u t i o n  i s  n o t  i s o -  
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t r o p i c .  It  i s  n a t u r a l  t o  assume t h a t  t h e  f l i c k e r i n g  d i s k  h a s  a 
s h a p e  c l o s e  t o  t h e  f o r m  o f  an  e l l i p s e .  T h e n ,  i n s t e a d  o f  (41 ,  we 
h a v e  t h e  f o l l o w i n g :  

I n  t h i s  c a s e ,  t h e  s o l u t i o n  t o  (1) i s  made more complex .  T h e r e f o r e ,  
i t  i s  i m p o r t a n t ,  g e n e r a l l y  s p e a k i n g ,  t o  f i n d  o u t  when we c a n  d i s -  
r e g a r d  t h e  a n i s o t r o p y  i n  t h e  b r i g h t n e s s  d i s t r i b u t i o n  o v e r  t h e  
v i b r a t i o n a l  d i s k .  T h i s  d i s r e g a r d  i s  mos t  p r o b a b l y  p o s s i b l e  for 
r a t h e r  s h o r t  z e n i t h  d i s t a n c e s .  However ,  for a r e l i a b l e  a n s w e r  t o  
t h e  q u e s t i o n  r a i s e d ,  t h e r e  mus t  b e  s p e c i a l  o b s e r v a t i o n s .  

F i n a l l y ,  t h e r e  i s  one  more i m p o r t a n t  q u e s t i o n .  S i n c e  t h e r e  i s  
some t i m e  i n t e r v a l  b e t w e e n  t h e  moments o f  o b s e r v i n g  t h e  p l a n e t  and  
t h e  c o n t o u r  o f  t h e  s t a r ,  can  t h e  c i t e d  t i m e  i n t e r v a l  c h a n g e  t h e  
b r i g h t n e s s  d i s t r i b u t i o n  o v e r  t h e  w a v e r i n g  d i s k  o f  t h e  s t a r  s u b -  
s t a n t  i a1  l y  ? 

L e t  u s  t u r n  t o  t h e  s t u d y  o f  I . G .  K o l c h i n s k i y  [ S I  on t h i s  t o p i c ;  
h e  c a r r i e d  o u t  a n  i n v e s t i g a t i o n  of t h e  w a v e r i n g  of i m a g e s  of s t a r s  
a t  t h e  Main A s t r o n o m i c a l  O b s e r v a t o r y  of t h e  Academy o f  S c i e n c e s  o f  
t h e  U k r a i n i a n  S.S.R. The s o - c a l l e d  t r a i l s  o f  s t a r  i m a g e s  w e r e  ob-  
t a i n e d  f o r  t h i s  p u r p o s e  c n  p h o t o p l a t e s ,  w i t h  f i x e d  c l o c k w i s e .  The 
a v e r a g e  l e n g t h  of a t r a i l  w a s  f o u n d  t o  b e  e q u a l  t o  1 4  cm, wh ich  
c o r r e s p o n d s  t o  a t i m e  i n t e r v a l  o f  a b o u t  6 m i n u t e s  for a s t a r  w i t h  
i n c l i n a t i o n  o f  6 = O o .  The c o r r e l a t i o n  a n a l y s i s  o f  t h e  o b s e r v a t i o n  
r e s u l t s  c a r r i e d  o u t  b y  t h e  a u t h o r  showed t h e  a p p r o x i m a t e  s t a t i o n -  
a r i t y  o f  t h e  random p r o c e s s  o f  t h e  v i b r a t i o n  of t h e  s t e l l a r  i m a g e s  
i n  t h e  c i t e d  t i m e  i n t e r v a l .  

S i n c e  t h e  p r o g r a m  of Mars o b s e r v a t i o n s  [l] w a s  s t r u c t u r e d  s o  
t h a t ,  i m m e d i a t e l y  a f t e r  Mars, t h e  image o f  t h e  s t a r  w a s  f o l l o w e d  
w i t h  t h e  same f i l t e r ,  t h e n  t h e  t i m e  i n t e r v a l  b e t w e e n  t h e  s c a n s  
o f  Mars and  t h e  s t a r  d i d  n o t  e x c e e d  1 0  m i n u t e s .  S i n c e  t h i s  t i m e  
i n t e r v a l  i s  c o m p a r a b l e  t o  t h e  c i t e d  " d e l a y "  t i m e  of t h e  s t a r s  [SI, 
t h e n  we c a n  a p p a r e n t l y  assume t h a t ,  i n  t h e  t i m e  i n t e r v a l  b e t w e e n  
t h e  o b s e r v a t i o n s  o f  Mars and t h e  s t a r ,  t h e  b r i g h t n e s s  d i s t r i b u t i o n  
o v e r  t h e  d i s k  o f  t h e  l a t t e r  d i d  n o t  c h a n g e  s u b s t a n t i a l l y .  

L e t  u s  m e n t i o n  one  more c i r c u m s t a n c e .  The s t a r  f o r  w h i c h  t h e  
s t u d y  o f  i t s  v i b r a t i o n  d i s k  i s  c a r r i e d  o u t  f o r  t h e  p u r p o s e  o f  
d e t e r m i n i n g  t h e  i n s t r u m e n t a l  f u n c t i o n  s h o u l d  b e  s e l e c t e d  a t  
a z i m u t h s  and  z e n i t h  d i s t a n c e s  c l o s e  t o  t h e  p l a n e t ,  a s  w a s  done  i n  
t h e  Mars o b s e r v a t i o n s  o f  [l], or, as  w a s  shown t h e o r e t i c a l l y  i n  
[ 8 ]  and c o n f i r m e d  e x p e r i m e n t a l l y  i n  [SI, t h e  r o o t - m e a n - s q u a r e  
a m p l i t u d e s  of  t h e  v i b r a t i o n  of  t h e  s t a r i m a g e s  i n  t h e  t e l e s c o p e  
i n c r e a s e  i n  p r o p o r t i o n  w i t h  t h e  v a l u e  M ,  where  M i s  t h e  a i r  mass. 
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PRECISE METHODS OF SOLVING THE PRINCIPAL E Q U A T I O N  

If w e  a s s u m e  t h a t  t h e  i n s t r u m e n t a l  f u n c t i o n  h a s  t h e  f o r m  o f  
(14), t h e n  t h e  p r i n c i p a l  e q u a t i o n  i n  (1) c a n  b e  w r i t t e n  i n  t h e  
f o l l o w i n g  way: 

The c o n s t a n t  f a c t o r  i n  f r o n t  o f  t h e  i n t e g r a l  i s  f o u n d  f r o m  t h e  con-  
d i t i o n  t h a t  t h e  t o t a l  e n e r g y  o f  e m i s s i o n  g o i n g  f r o m  t h e  p l a n e t  
t h r o u g h  t h e  E a r t h ' s  a t m o s p h e r e  d o e s  n o t  c h a n g e ,  i . e . ,  t h e r e  i s  n o  
a b s o r p t i o n  i n  t h e  E a r t h ' s  a t m o s p h e r e  f o r  t h e  w a v e l e n g t h s  o f  l i g h t  
u n d e r  i n v e s t i g a t i o n .  O b v i o u s l y ,  t h i s  c o n d i t i o n  h a s  t h e  f o l l o w i n g  
f o r m  : 

-I .o i o .  
-I - 4- e.> ,. .. 

(16) 

I n  t h e  g e n e r a l  ca se  d e s c r i b e d  by (15), t o  d e t e r m i n e  F ( x , y )  we 
must  f i n d  v a l u e s  o f  t h e  f u n c t i o n  f ( x , y )  a t  many p o i n t s  o f  t h e  o b -  
s e r v e d  i m a g e ,  w h i c h  r a i s e s  f u n d a m e n t a l  d i f f i c u l t i e s  i n  p r a c t i c e .  
T h e r e f o r e ,  l e t  u s  e x a m i n e  t h e  f o l l o w i n g ,  s i m p l e r  c a s e s .  

1. If w e  d i s r e g a r d  t h e  b r i g h t n e s s  g r a d i e n t  i n  t h e  d i r e c t i o n  
y ,  t h e n ,  i n s t e a d  o f  (15), we f i n d  t h e  f o l l o w i n g :  

O b v i o u s l y ,  t h i s  a p p r o x i m a t i o n  i s  j u s t i f i e d  for a r a t h e r  l ow CJ a n d  
n e a r  t h e  z e n i t h .  We w i l l  g i v e  some e s t i m a t e s  o f  t h e  a c c u r a c y  o f  
t h e  a p p r o x i m a t i o n  u n d e r  e x a m i n a t i o n  b e l o w .  

2 .  If  0 2  -+ 0 ,  t h e n  we f i n d  f r o m  ( 1 5 )  t h a t  

-" 

i . e . ,  t h e  d e p e n d e n c e  on  t h e  s e c o n d  c o o r d i n a t e  y i s  p u r e l y  p a r a m e t r i c .  
I t  i s  o b v i o u s  t h a t  ( 1 7 )  i s  a p a r t i c u l a r  c a s e  o f  (18). 

3 .  L e t  t h e  b r i g h t n e s s  d i s t r i b u t i o n  o v e r  t h e  d i s k  o f  t h e  p l a n e t  
h a v e  c e n t r a l  symmetry  a n d  l e t  01  = 0 2  - CJ.  L e t  u s  t u r n  t o  t h e  
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s p h e r i c a l  s y s t e m  o f  c o o r d i n a t e s  r ,  4 .  T h e n ,  i f  t h e  c o o r d i n a t e s  o f  
t h e  p o i n t s  M a n d  M ’  a r e  x , y  a n d  x ’ , y ’  r e s p e c t i v e l y  ( F i g .  2 ) ,  w h e r e -  
a s  t h e  p o s i t i o n s  o f  t h e s e  p o i n t s  a r e  d e f i n e d ,  i n  a d d i t i o n ,  by t h e  
r a d i u s  v e c t o r s  r a n d  r ’ ,  r e s p e c t i v e l y ,  t h e  a n g l e  b e t w e e n  w h i c h  
i s  e q u a l  t o  4 ,  t h e n  t h e  p r o j e c t i o n s  o f  t h e  s e g m e n t  MM’ on t h e  a x e s  
x a n d  y a r e  A d ’  = x’- x a n d  BB’ = y - y ’ .  C o n s e q u e n t l y ,  

The B e s s e l  f u n c t i o n  o f  t h e  p u r e l y  i m a g i n a r y  a r g u m e n t  o f  z e r o  
o r d e r  i s  d e t e r m i n e d  by  t h e  f o r m u l a  

C o n s e q u e n t l y ,  i n s t e a d  o f  (201, w e  u l t i m a t e l y  f i n d  

The p r i n c i p a l  e q u a t i o n  ( 1 5 )  u n d e r  i n v e s t i g a t i o n  [ a s  w e l l  a s  
i t s  p a r t i c u l a r  f o r m s  i n , ( 1 7 ) ,  (18) and (2211 i s  a n  i n t e g r a l  F r e d -  
holm e q u a t i o n  o f  t h e  f i r s t  k i n d .  A s  i s  w e l l  known,  t h e  p r o b l e m s  
d e s c r i b e d  by a n  e q u a t i o n  o f  t h i s  t y p e  b e l o n g  t o  t h e  c l a s s  o f  s o -  
c a l l e d  i n c o r r e c t l y  f o r m u l a t e d  p r o b l e m s .  T h i s  means  t h a t  an  i n -  
d i r e c t  s o l u t i o n  t o  t h i s  e q u a t i o n ,  for e x a m p l e  by t h e  me thod  o f  
n u m e r i c a l  i n v e r s i o n  o f  a F o u r i e r  t r a n s f o r m a t i o n  or by  c o n v e r t i n g  
t o  a s y s t e m  o f  l i n e a r  a l g e b r a i c  e q u a t i o n s ,  d o e s  n o t  p a s s  h e r e ;  
s m a l l  e r r o r s  i n  t h e  f u n c t i o n s  f o u n d  f r o m  t h e  e x p e r i m e n t  w i l l  y i e l d  
a r b i t r a r i l y  l a r g e  errors i n  t h e  r e s u l t .  

A g e n e r a l  f o r m u l a t i o n  o f  t h e  p r o b l e m  o f  r e g u l a r i z a t i o n  o f  
i n c o r r e c t l y  f o r m u l a t e d  p r o b l e m s ,  s p e c i f i c  r e g u l a r i z a t i o n  m e t h o d s ,  
a n d  a n  i n v e s t i g a t i o n  o f  t h e  s t a b i l i t y  o f  t h e  r e s u l t  o f  i n v e r s i o n  
a r e  g i v e n  i n  t h e  w o r k s  o f  A . N .  T i k h o n o v  [9-123. 

9 8  



We w i l l  n o t  d i s c u s s  t h e  a p p l i c a t i o n  o f  T i k h o n o v ' s  method to 
a s o l u t i o n  f o r  t h e  p r o b l e m  u n d e r  i n v e s t i g a t i o n .  W e  w i l l  b e  con-  
c e r n e d  o n l y  w i t h  m e t h o d s  u s e d  for a p r e c i s e  s o l u t i o n  to t h e  
p r i n c i p a l  e q u a t i o n s ,  :-.e., s o l u t i o n s  to t h e  p r o b l e m  o n  t h e  a s sump-  
t i o n  t h a t  t h e  f u n c t i o n s  f o u n d  from t h e  e x p e r i m e n t  are  known a b -  
s o l u t e l y  p r e c i s e l y .  A s  was a l r e a d y  m e n t i o n e d ,  t h e s e  s o l u t i o n s  
a r e  n o t  c o r r e c t  a n d ,  c o n s e q u e n t l y ,  t h e y  c a n n o t  b e  u s e d  i n  p r a c t i c e .  
However ,  a n  a n a l y s i s  o f  t h e  s o l u t i o n  w r i t t e n  o u t  i n  e x p l i c i t  f o r m  
c a n  a i d  i n  a cumber  o f  cases i n  f i n d i n g  t h e  c h a r a c t e r i s t i c s  o f  
t h e  b e h a v i o r  o f  t h e  s o l u t i o n ,  w h i c h  c a n  t h e n  b e  c o n s i d e r e d  i n  
r e g u l a r i z a t i o n  o f  t h e  i n c o r r e c t  p r o b l e m  u n d e r  e x a m i n a t i o n .  

It i s  o b v i o u s  t h a t  t h e  s o l u t i o n  to ( 1 7 )  c a n  b e  o b t a i n e d  by  
i n v e r s i o n  o f  t h e  F o u r i e r  t r a n s f o r m a t i o n .  The a p p l i c a t i o n  o f  t h e  
method o f  F o u r i e r  t r a n s f o r m a t i o n  to a s o l u t i o n  f o r  (17) w a s  d i s -  
c u s s e d  i n  [ T I .  W e  w i l l  t h e r e f o r e  n o t  d i s c u s s  t h i s  me thod  a n y  
f u r t h e r .  

L e t  u s  e x a m i n e  t h e  me thod  o f  o r t h o g o n a l  s e r i e s  f o r  a s o l u t i o n  
to ( 1 7 ) .  S i n c e  t h e  k e r n e l  o f  t h i s  e q u a t i o n  i s  H e r m i t i a n ,  i t  i s  
c o m p l e t e l y  n a t u r a l  t o  l o o k  f o r  t h e  f u n c t i o n  F ( z )  i n  t h e  f o r m  o f  
a s e r i e s  by H e r m i t e  p o l y n o m i a l s .  

L e t  us  a s sume  t h a t  

where  H,(y) i s  a H e r m i t e  p o l y n o m i a l  05 o r d e r  n ,  w h i l e  en are  c o -  
, e f f i c i e n t s  to b e  d e t e r m i n e d .  T h e n ,  s u b s t i t u t i n g  ( 2 3 )  i n t o  (17), 

w e  f i n d  t h e  f o l l o w i n g  f o r  0 4 a2 < 1 / 2  [ 1 3 ,  p .  8521 :  - 

C o n s i d e r i n g  t h e  p r o p e r t y  o f  o r t h o g o n a l i t y  o f  t h e  H e r m i t e  po lynom-  
i a l s ,  we f i n d  t h a t  

where  

9 9  



If t h e  f u n c t i o n  F(x) i s  o f  e v e n  p a r i t y ,  t h e n  

r2, , ,1-  (! (n -U,  1, 2:. . .) 

Ifzn ( x )  = (-- 1)"27"/tl L;'!y (,f!), a n d  

w h e r e  L ,  ( x )  i s  a L a g u e r r e  p o l y n o m i a l .  
-% 

S u b s t i t u t i n g  ( 2 7 )  i n t o  ( 2 3 )  and  ( 2 6 1 ,  w e  f i n d  t h e  f o l l o w i n g  
a f t e r  c o n v e r s i o n s :  

.o , - - I !  

/ ' ( Y )  = \ c"J," " ( x ? ) ,  
d 

n-0  
( 2 8 )  

where  

yn rtl 2" 
(2N - I)!! ( 1  -20')" 

_ _  
c n = - -  ----* 

w h i l e  

U s i n g  t h e  f o r m u l a s  be low 

and  e x p a n d i n g  F(x) i n t o  a s e r i e s  by  a 2 ,  w e  f i n d  

' ~ 4  d ' / (x ) . *  
0 2  d'f ( x )  +-.-- 

2'*21 dx' 
F ( x ) = f  ( x )  - - . 

2 dx2 
( 3 3 )  

I t  c a n  b e  s e e n  f r o m  ( 1 7 )  and  ( 3 3 )  t h a t ,  i f  t h e  f u n c t i o n  f(x) i s  
r a t h e r  s m o o t h ,  w h i l e  a i s  r a t h e r  l o w ,  t h e n  t h e  s o l u t i o n  t o  t h e  
p r o b l e m  o f  r e p r o d u c t i o n  d o e s  n o t  p r e s e n t  a n y  p a r t i c u l a r  d i f f i -  
c u l t y .  However ,  i n  t h e  ca se  o f  a p l a n e t ,  t h e  s m o o t h n e s s  F(x) i s  
l o s t  n e a r  i t s  l i m b  a n d ,  c o n s e q u e n t l y ,  e v e n  f o r  low 0 ,  a r e p r o d u c -  
t i o n  n e a r  t h e  e d g e  o f  t h e  p l a n e t ' s  d i s k  p r e s e n t s  f u n d a m e n t a l  d i f f i -  
c u l t i e s .  I t  i s  a p p r o p r i a t e  t o  m e n t i o n  i n  t h i s  r e g a r d  t h a t  t h e  
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c o r r e c t i o n  o f  t h e  s p e c t r a l  l i n e  o b s e r v e d  for t h e  i n s t r u m e n t a l  c o n -  
t o u r  g i v e n  i n  C31 d i d  n o t  p r e s e n t  a n y  f u n d a m e n t a l  d i f f i c u l t i e s  
a n d  w a s  c a r r i e d  o u t  by t h e  me thod  o f  s u c c e s s i v e  a p p r o x i m a t i o n s ,  
s i n c e  t h e  d i s t o r t e d  c o n t o u r  d o e s  n o t  r e p r e s e n t  a s u f f i c i e n t l y  
smoo th  f u n c t i o n .  

U s i n g  ( 2 3 ) ,  w h i c h  g i v e s  a p r e c i s e  s o l u t i o n  t o  ' t h e  i d e a l i z e d  
p r o b l e m ,  l e t  u s  e s t i m a t e  t h e  e r r o r  A F(x) i n  s o l v i n g  (171, i f  t h e  
f u n c t i o n  f ( x )  i s  g i v e n  w i t h  a c o n s t a n t  a b s o l u t e  e r r o r  A f ,  w h i l e  
t h e  v a l u e  o f  0 i s  d e t e r m i n e d  w i t h  a b s o l u t e  e r r o r  of  B o .  We f i n d  
f r o m  ( 2 3 )  a n d  ( 2 5 )  t h a t  

n 

A F ( x )  = ?' AC" ( x ) ,  
d 

n -0 

We f i n d  t h e  f o l l o w i n g  f r o m  ( 2 6 1 ,  c o n s i d e r i n g  (31) and ( 3 2 ) :  

( 3 4 )  

S u b s t i t u t i n g  ( 3 6 )  and  ( 3 7 )  i n t o  ( 3 5 )  and  c o n s i d e r i n g  ( 2 3 )  and  ( 2 4 ) ,  
w e  u l t i m a t e l y  f i n d  t h a t  

I t  c a n  b e  c l e a r l y  s e e n  f r o m  t h i s  f o r m u l a  t h a t ,  e v e n  for a n  a r b i t -  
r a r i l y  s m a l l  e r r o r  i n  d e t e r m i n i n g  0 ,  w e  c a n  o b t a i n . a n  a r b i t r a r i l y  
l a r g e  a b s o l u t e  e r r o r  i n  d e t e r m i n i n g  t h e  f u n c t i o n  F ( x ) ,  i f  t h e  
l a t t e r  i s  n o t  s u f f i c i e n t l y  s m o o t h .  

We c a n  a l s o  f i n d  a p r e c i s e  s o l u t i o n  t o  ( 2 2 )  i n  a s i m i l a r  way.  
L e t  u s  a s sume  t h a t  

N 

I I  - 0 
( 3 9 )  

I. 

w h e r e  Ln(x) i s  a L a g u e r r e  p o l y n o m l a l  o f  o r d e r  n ;  t h e  2, a r e  c o -  
e f f i c i e n t s  t o  b e  d e t e r m i n e d .  
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S u b s t i t u t i n g  ( 3 9 )  i n t o  ( 2 2 1 ,  w e  f i n d  t h a t  

i . e . ,  

C o n s i d e r i n g  t h e  p r o p e r t y  o f  o r t h o g o n a l i t y  o f  t h e  L a g u e r r e  p o l y -  
n o m i a l s ,  w e  f i n d  t h a t  

We c a n  a l s o  f i n d  t h e  s o l u t i o n  t o  t h e  more  g e n e r a l  e q u a t i o n  i n  
( 1 5 )  i n  a s i m i l a r  way.  

SOME R E S U L T S  OF T H E  C A L C U L A T I O N S  

I n  o r d e r  t o  h a v e  a q u a n t i t a t i v e  r e p r e s e n t a t i o n  o f  t h e  d e g r e e  
t o  w h i c h  t h e  a t m o s p h e r e  a f f e c t s  t h e  b r i g h t n e s s  d i s t r i b u t i o n  o v e r  
t h e  d i s k  o f  t h e  p l a n e t ,  w e  w i l l  a s s u m e  t h a t  

T h i s  f o r m u l a  w a s  o b t a i n e d  e m p i r i c a l l y  by  N . N .  S y t i n s k a y a  for r o u g h  
s u r f a c e s .  The p a r a m e t e r  v i s  c o n n e c t e d  w i t h  t h e  s m o o t h n e s s  f a c t o r  
q i n t r o d u c e d  by  N . N .  S y t i n s k a y a  b y  t h e  r a t i o  v = q / 2 .  

For t h e  l a w  o f  ( 4 3 ) ,  i n s t e a d  o f  (17), w e  f i n d  t h a t  
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a n d ,  i n s t e a d  o f  ( 2 2 1 ,  
$ 1  

The t a b l e s  f o r  t h e  f u n c t i o n s  f(x) a n d  fc(x) w e r e  c a l c u l a t e d  a c c o r d -  
i n g  t o  ( 4 4 )  and  ( 4 5 )  o n  t h e  d i g i t a l  c o m p u t e r  1'Minsk-22" f o r  L, = 
0 . 0 - 1 . 0  ( e v e r y  0 . 1 0 )  a n d  o = 0 . 0 5 - 0 . 4 0  (every 0 . 0 5 )  a n d  a r e  g i v e n  
i n  t h e  A p p e n d i x .  

The c a l c u l a t i o n s  a c c o r d i n g  t o  ( 4 4 )  d i d  n o t  c a u s e  a n y  d i f f i -  
c u l t i e s .  A s  f o r  ( 4 5 1 ,  ?t w a s  f o u n d  t o  b e  more  s u i t a b l e  t o  t r a n s -  
f o r m  i t  somewhat  for CT 2 0 . 2 0 .  U s i n g  t h e  e x p r e s s i o n  f o r  t h e  g e n -  
e r a t i n g  f u n c t i o n  of  t h e  L a g u e r r e  p o l y n o m i a l s  r 1 3 ,  p .  1 0 5 2 1 ,  ? . e . ,  

f o r m u l a  ( 4 5 )  i s  c o n v e r t e d  i n t o  t h e  f o l l o w i n g :  

T h i s  e x p r e s s i o n  w a s  a l s o  u s e d  for fc(x) f o r  t h e  c a l c u l a t i o n s  w i t h  
O 2 0 . 2 0 .  

The f o l l o w i n g  f o r m u l a s  a r e  u s e f u l  f o r  c o n t r o l l i n g  t h e  a c c u r a c y  
o f  t h e  p r o d u c i b l e  c a l c u l a t i o n s .  For v = 0 ,  we h a v e  t h e  e x p r e s s i o n  
w r i t t e n  be low from ( 4 4 ) :  

f (%) = - 1 [(I, ( 1 -F) --x + (i) ( 1 v2;,] +x\  I 

2 20 

where  (x) i s  t h e  p r o b a b i l i t y  i n t e g r a l ,  w h i l e  w e  f i n d  f rom ( 4 5 )  
C13, p .  7 3 1 1  t h a t  

L e t  u s  t u r n  t o  some c o n c l u s i o n s  wh ich  c a n  b e  drawn f r o m  a n  
a n a l y s i s  o f  t h e  n u m e r i c a l  r e s u l t s  g i v e n  i n  t h e  t a b l e s  o f  t h e  
A p p e n d i x .  F i r s t  o f  a l l ,  l e t  u s  e v a l u a t e  t h e  d i f f e r e n c e  i n  t h e  
r e s u l t s  o f  c a l c u l a t i o n s  a c c o r d i n g  t o  ( 4 4 )  and ( 4 5 )  f o r  i d e n t i c a l  
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v a n d  U .  For t h i s ,  t h e  t a b l e  c o n t a i n s  t h e  v a l u e  

c a l c u l a t e d  for v = 0 . 0  a n d  0 . 5  and  d i f f e r e n t  v a l u e s  o f  U .  

0 .0  0 .  7 I 
o.:, i i  

2.7 
3 . 9 

0.05 

0.0 7 .3 
8 . 3  0.20 F , : ?  

l ? . O  
11.0 

0.30 O . o  0.5 
IJ . 0 1.3.6 
0.5 11.5 

0.35 

0.0 1.1.2 
0.5 1 1  . o  0.40 

I t  f o l l o w s  f r o m  t h e  t a b l e  t h a t  t h e  u s e  o f  t h e  s i m p l e r  e q u a t i o n  
( 4 4 )  i n s t e a d  o f  ( 4 5 )  f o r  u s O . 2 5  y i e l d s  a n  e r r o r  w h i c h  d o e s  n o t  
e x c e e d  1 0 %  f o r  x s  0 . 9 5 .  However ,  w e  m u s t  k e e p  i n  mind t h a t ,  f o r  
x S l  ( ; . e . ,  beyond  t h e  e d g e  o f  t h e  d i s k ) ,  t h i s  e r r o r  i n c r e a s e s  
somewha t .  For e x a m p l e ,  t h e  v a l u e  Af = 1 9 %  f o r  u = 0 . 3 0  a t  x = 1 . 2 5  
w i t h  w = 0 ,  a n d  Af = 1 8 %  f o r  v = 0 . 5 .  

L e t  u s  a l s o  m e n t i o n  t h a t ,  i n  t h e  c a s e  of t h e  Lamber t  l a w  (w = 
0 . 5 )  f o r  u = 0 . 2 0 ,  t h e  d e c r e a s e  i n  b r i g h t n e s s  o f  t h e  c e n t e r  o f  t h e  
d i s k  of t h e  p l a n e t  d u e  t o  t h e  a t m o s p h e r i c  v i b r a t i o n  i s  r o u g h l y  4 % .  
However ,  e v e n  a t  0 = 0 . 4 0  t h i s  d e c r e a s e  i s  e q u a l  t o  2 0 % .  T h u s ,  
w e  c a n  d i s r e g a r d  t h e  e f f e c t  o f  v i b r a t i o n s  on  t h e  a b s o l u t e  v a l u e  
of t h e  b r i g h t n e s s  a t  t h e  c e n t e r  o f  t h e  d i s k  o n l y  f o r  r a t h e r  low 
u ( i . e . ,  f o r  u < 0 . 2 0 ) ,  when we a r e  m e a s u r i n g  t h e  b r i g h t n e s s  a c c o r d -  
i n g  t o  t h e  me thod  o f  a b s o l u t e  p h o t o m e t r y .  The e s t i m a t e s  g i v e n  f o r  
t h e  e r r o r s  r e f e r  o n l y  t o  t h e  c a s e  o f  t h e  L a m b e r t  l a w ,  a n d  f o r  w = 0 
t h e y  w i l l  b e  much l e s s .  

L e t  u s  d i s c u s s  t h e  u s e  o f  t h e  t a b l e s  g i v e n  i n  t h e  A p p e n d i x .  
I f  we assume t h a t  t h e  p l a n e t  r e f l e c t s  l i g h t  a c c o r d i n g  t o  ( 4 3 1 ,  
t h e n  w e  c a n  make a r o u g h  e s t i m a t e  of t h e  v a l u e  u f r o m  a c o m p a r i -  
s o n  b e t w e e n  t h e  b r i g h t n e s s  d i s t r i b u t i o n  o b t a i n e d  f o r  o b s e r v a t i o n s  
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a n d  t h e  r e s u l t s  of c a l c u l a t i o n s  for a g i v e n  v ,  i . e . ,  w e  c a n  b a s i c -  
a l l y  s o l v e  t h e  i n v e r s e  p r o b l e m .  I . K .  K o v a l '  a t t e m p t e d  t o  f i n d  v 
f o r  Mars i n  t h i s  way i n  [ 2 ] .  However ,  t h e  e r r o r . i n  t h e  v a l u e  o f  
v f o u n d  w a s  n o t  e v a l u a t e d  i n  t h a t  s t u d y .  T h e r e f o r e ,  t h e  r e s u l t  
i s  n o t  r e l i a b l e .  

I n  c o n t i n u i n g  o u r  s t u d y ,  it i s  s u g g e s t e d  t h a t  t h e  v a l u e  o f  v 
b e  f o u n d  i n  t h e  f o l l o w i n g  way. The v a l u e  o f  v i s  f i rs t  r o u g h l y  
e s t i m a t e d  f r o m  a c o m p a r i s o n  b e t w e e n  t h e  o b s e r v e d  v a l u e s  f o r  t h e  
b r i g h t n e s s  d i s t r i b u t i o n  o v e r  t h e  Mars d i s k  d u r i n g  a n  o p p o s i t i o n  
[l] a n d  t h e  r e s u l t s  o f  c a l c u l a t i o n s  a c c o r d i n g  t o  ( 4 5 ) .  The v a l u e s  
o f  t h e  e r r o r s  Av a n d  Ao i n  t h e  r o u g h  v a l u e s  o f  v a n d  o a r e  t h e n  
f o u n d  a c c o r d i n g  t o  t h e  l e a s t - s q u a r e  method b y  ( 4 5 ) ;  a n d ,  f i n a l l y ,  
t h e  p r o b a b l e  e r r o r  i n  f i n d i n g  t h e  l a t t e r  i s  e v a l u a t e d .  T h i s  method 
o f  s o l v i n g  t h e  p r i n c i p a l  p r o b l e m  i s  c o r r e c t  i f  t h e  a s s u m p t i o n  t h a t  
t h e  Mars s u r f a c e  r e f l e c t s  l i g h t  a c c o r d i n g  t o  t h e  l a w  i n  ( 4 3 )  i s  
v a l i d .  
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. ... 
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0.051 0.036 

0.062 0.078 
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0.018 0.023 
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0.07 1 
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0.035 
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0.012 
0.009 
0 . m  

0.01 1 
0.008 
0.006 
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0.008 
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0.004 0.005 
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. . ~ . ~  

0.004 0.002 
0.003 0.002 
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0.003 0.003 
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0.001 0.002 
0.001 0.001 
0.001 0.001 
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0.002 
0.001 
0.001 
0.001 
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0.001 
0.001 
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0.002 0.001 
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T H E  M E T H A N E  A B S O R P T I O N  D I S T R I B U T I O N  I N  T H E  6190 8 
B A N D  O V E R  T H E  D I S K  OF J U P I T E R  

V . V .  A v r a m c h u k  

ABSTRACT: The r e s u Z t s  of measurements  of t h e  
methane a b s o r p t i o n  i n  t h e  6190 8 band aZong t h e  
d i s k  of J u p i t e r  a r e  g i v e n .  The d a t a  were t a k e n  
f rom 5 2  spec t rograms ,  which  were o b t a i n e d  i n  
1 9 6 4 - 6 6  w i t h  t h e  a i d  of a 70-em r e f l e c t o r  ( F e f f  
= 30 m )  w i t h  a d i f f r a c t i o n  s p e c t r o g r p p h  a t -  
t a c h e d  ( d i s p e r s i o n  o f  30 X / m m ) .  It i s  shown 
t h a t  t h e  v a l u e  of t h e  methane a b s o r p t i o n  f o r  
t h e  c e n t e r  of t h e  d i s k  of J u p i t e r  changed d u r i n g  
d i f f e r e n t  p e r i o d s  of o b s e r v a t i o n s .  The g r e a t e s t  
v a r i a t i o n s  i n  i n t e n s i t y  o f  a b s o r p t i o n  a r e  found 
for Zong i tudes  of 190-3209 ( S y s t e m  1 1 .  The 
equ ivaZen t  w i d t h s  W b  and d e p t h s  Rb of t h e  6 1 9 0  2 
band a r e  smaZZer f o r  t h e  edge zones  of t h e  
J u p i t e r  d i s k  t h a n  f o r  t h e  c e n t e r .  The d i f  e r -  

The v a r i a t i o n s  change s u b s t a n t i a Z Z y  f rom t h e  
edges  t o  t h e  c e n t e r .  

ence be tween  t h e  e q u i v a l e n t  w i d t h s  i s  5 - 6  i . 

One o f  t h e  p o s s i b l e  m e t h o d s  o f  i n v e s t i g a t i n g  t h e  s t r u c t u r e  and 
o p t i c a l  p r o p e r t i e s  o f  t h e  c l o u d  c o v e r  o f  J u p i t e r  i s  t o  s t u d y  t h e  
v a r i a t i o n s  i n  a b s o r p t i o n  i n  t h e  me thane  b a n d s  o v e r  t h e  d i s k  o f  t h e  
p l a n e t  and  w i t h  r e s p e c t  t o  t i m e .  I n  t h e  v i s i b l e  s p e c t r a l  r e g i o n ,  
t h e  s t u d i e s  a r e  c a r r i e d  o u t  i n  t h e  6 1 9 0  1 methane  a b s o r p t i o n  b a n d ,  
a n d  many a u t h o r s  h a v e  m e a s u r e d  t h e  i n t e n s i t y  of  t h i s  b a n d .  A l a r g e -  
s c a l e  s t u d y  on t h e  me thane  a b s o r p t i o n  o v e r  t h e  d i s k  o f  J u p i t e r  w a s  
c a r r i e d  o u t  r e c e n t l y  a t  t h e  A s t r o p h y s i c s  I n s t i t u t e  o f  t h e  Academy 
of S c i e n c e s  o f  t h e  Kazakh S . S . R .  I t  was shown i n  [1,2] t h a t  t h e  
i n t e n s i t y  o f  t h e  6 1 9 0  8 m e t h a n e  a b s o r p t i o n  band  r e m a i n e d  p r a c t i c a l l y  
c o n s t a n t  o v e r  t h e  d i s k  d u r i n g  a l l  t h e  o b s e r v a t i o n  p e r i o d s ,  and  o n l y  
i n  t h e  d a r k  b a n d s  o f  J u p i t e r  c o u l d  a s m a l l  i n c r e a s e  i n  t h e  e q u i v a -  
l e n t  w i d t h s  o f  t h e  6 1 9 0  8 C H q  band  b e  d e t e c t e d .  One o f  t h e  i m p o r t -  
a n t  e a r l i e r  s t u d i e s  w a s  t h a t  o f  Hess  [3]. By J u p i t e r  o b s e r v a t i o n s  
c a r r i e d  o u t  i n  O c t o b e r  o f  1 9 4 9 ,  Hess  f o u n d  some v a r i a t i o n s  i n  t h e  
l a t i t u d i n a l  d i s t r i b u t i o n  o f  me thane  a b s o r p t i o n ,  wh ich  h e  a t t r i b u t e d  
t o  t h e  c h a n g e s  i n  r e l a t i v e  a l t i t u d e  o f  t h e  c l o u d  c o v e r  a t  d i f f e r e n t  
j o v i c e n t r i c  l a t i t u d e s .  I t  f o l l o w s  t h a t ,  i n  o r d e r  t o  e s t a b l i s h  t h e  
r e a l  c h a n g e s  i n  t h e  s t r u c t u r e  o f  t h e  c l o u d  c o v e r  o f  J u p i t e r ,  t h e r e  
mus t  b e  more c o m p l e t e  a n d ,  i f  p o s s i b l e ,  more a c c u r a t e  o b s e r v a t i o n a l  
d a t a  on  t h e  d i s t r i b u t i o n  o f  m o l e c u l a r  a b s o r p t i o n  o v e r  t h e  d i s k  o f  
J u p i t e r .  O b s e r v a t i o n s  o f  t h i s  t y p e  were  c a r r i e d  o u t  a t  t h e  Main 
A s t r o n o m i c a l  O b s e r v a t o r y  o f  t h e  Academy o f  S c i e n c e s  o f  t h e  U k r a i n i a n  
SSR f r o m  1 9 6 4  t o  1 9 6 6 .  

11 9 



OBSERVATIONS 

F i f t y - t w o  s p e c t r o g r a m s  of  J u p i t e r  were  o b t a i n e d  d u r i n g  t h e  
p e r i o d  f rom November of  1 9 6 3  t o  Augus t  o f  1 9 6 6 .  The o b s e r v a t i o n s  
w e r e  c a r r i e d  o u t  on t h e  70-cm r e f l e c t o r  w i t h  C a s s e g r a i n i a n  f o c u s  
(F,ff  = 3 0  m) w i t h  t h e  a i d  o f  t h e  d i f f r a c t i o n  s p e c t r o g r a p h  ASP-21 
( d i s p e r s i o n  o f  3 0  8 mm). The s l i t  of t h e  s p e c t r o g r a p h  w a s  o r i e n t e d  
a l o n g  t h e  c e n t r a l  m e r i d i a n  and  t h e  e q u a t o r  o f  t h e  p l a n e t .  Moreove r ,  
a number of  s p e c t r o g r a m s  o f  t h e  s o u t h  a n d  n o r t h  p o l e  r e g i o n s ,  a s  
w e l l  a s  t h e  e a s t  a n d  w e s t  l i m b s ,  were  o b t a i n e d .  The g e n e r a l  c h a r a c -  
t e r i s t i c s  o f  t h e  o b s e r v a t i o n a l  d a t a  a r e  g i v e n  i n  t h e  Appendix  ( T a b l e s  
1-31. The s p e c t r a l  w i d t h  o f  t h e  s p e c t r o g r a p h  s l i t  w a s  u s u a l l y  4 8 .  
Many s p e c t r o g r a m s  w e r e  a l s o  o b t a i n e d  w i t h  a s p e c t r a l  w i d t h  o f  t h e  
s l i t  of  1 8 .  I t  w a s  s u  g e s t e d  t h a t  t h e s e  s p e c t r o g r a m s  b e  u s e d  n o t  
o n l y  t o  s t u d y  t h e  6 1 9 0  f me thane  b a n d ,  b u t  a l s o  t o  m e a s u r e  t h e  i n -  
t e n s i t y  of t h e  ammonia band  n e a r  6450 8 .  A l l  t h e  s p e c t r o g r a m s  were  
o b t a i n e d  on Kodak OaF p h o t o p l a t e s .  The t y p e  o f  e m u l s i o n  of  t h e s e  
p l a t e s  i s  c h a r a c t e r i z e d  b y  a h i g h  a n d  r a t h e r  u n i f o r m  s p e c t r a l  s e n s i -  
t i v i t y  i n  a b r o a d  s p e c t r a l  r e g i o n .  

An i m p o r t a n t  a d v a n t a g e  of t h e  Kodak p l a t e s  i s  t h e  e x t r e m e l y  
h i g h  u n i f o r m i t y  o f  t h e  b a c k g r o u n d .  An i n s i g n i f i c a n t  d e c r e a s e  i n  
s e n s i t i v i t y  n e a r  6 1 0 0 - 6 2 0 0  8 w a s  c o n s i d e r e d  i n  a n a l y z i n g  t h e  s p e c -  
t r o g r a m s .  The e x p o s u r e s  were  f o r  7 - 1 0  m i n u t e s  f o r  s p e c t r a l  r e s o l u -  
t i o n  o f  4 3 ,  a n d  80-100 m i n u t e s  f o r  r e s o l u t i o n  o f  1 8 .  

To d e v e l o p  t h e  p l a t e s ,  we u s e d  t h e  D-19b d e v e l o p e r  and  we 
a c h i e v e d  w i t h  i t  a n e g a t i v e  c o n t r a s t  on t h e  o r d e r  o f  1 . 5 - 2 . 0 ,  w h i l e  
t h e  l i n e a r  s e g m e n t s  o f  t h e  c h a r a c t e r i s t i c  c u r v e s  encompassed  a r a n g e  
o f  b l a c k e n i n g s  f rom 0 . 3  t o  1 . 6 - 1 . 8 .  

The n e g a t i v e s  were  c a l i b r a t e d  w i t h  t h e  a i d  of  t h e  a n i n e - s t a g e  
r e d u c e r .  P a r t i c u l a r  a t t e n t i o n  was g i v e n  t o  t h e  e q u a l i t y  o f  t h e  
e x p o s u r e s  when o b t a i n i n g  t h e  s p e c t r o g r a m s  o f  J u p i t e r  and  a p p l y i n g  
t h e  r e d u c e r .  

METHOD OF A N A L Y Z I N G  T H E  SPECTROGRAMS 

The m i c r o p h o t o m e t e r  MF-4 w a s  u s e d  t o  a n a l y z e  t h e  s p e c t r o g r a m s .  
The r e c e i v i n g  s l i t  o f  t h e  m i c r o p h o t o m e t e r  g u a r a n t e e d  b o t h  t h e  re- 
q u i s i t e  s p e c t r a l  r e s o l u t i o n  and  r e s o l u t i o n  o f  d e t a i l s  on t h e  d i s k  
o f  t h e  p l a n e t .  O r d i n a r i l y  t h e  h e i g h t  of t h e  s l i t  a l l o w e d  u s  t o  
c u t  a d e t a i l  on J u p i t e r  i n t o  d i m e n s i o n s  o f  1 . 5 " .  

S i n c e  we w e r e  i n t e r e s t e d  i n  a d e t a i l e d  d i s t r i b u t i o n  o f  t h e  
e q u i v a l e n t  w i d t h s  o f  t h e  6 1 9 0  1 b a n d  a l o n g  t h e  e q u a t o r  a n d  c e n t r a l  
m e r i d i a n  o f  t h e  p l a n e t ,  t h e  p h o t o m e t r i c  s c a n n i n g  o f  t h e  s p e c t r o -  
gram w a s  c a r r i e d  o u t  i n  s u c h  a way t h a t  a c o n t i n u o u s  c h a n g e  i n  t h e  
i n t e n s i t y  o f  t h i s  b a n d  w a s  o b t a i n e d .  For t h i s ,  t h e  s l i t  o f  t h e  
m i c r o p h o t o m e t e r  w a s  moved a l o n g  t h e  e q u a t o r  and  c e n t r a l  m e r i d i a n  
by  t h e  v a l u e  o f  t h e  h e i g h t  o f  t h e  a p e r t u r e  of  t h e  m i c r o p h o t o m e t e r .  
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Depend ing  on  t h e  a n g u l a r  d i m e n s i o n s  of  t h e  p l a n e t  d i s k ,  we o b t a i n e d  
f rom 2 5  t o  1 7  c h a n g e s  i n  t h e  e q u i v a l e n t  w i d t h  and  c e n t r a l  i n t e n s i t y  
of t h e  6190 8 .  The p l a t e s  u s e d  i n  t h e  r a n g e  o f  t h e  me thane  a b s o r p -  
t i o n  band  u n d e r  s t u d y  a r e  c h a r a c t e r i z e d  by  some i n c o n s t a n c y  i n  
s p e c t r a l  s e n s i t i v i t y .  T h i s  e f f e c t  w a s  c o n s i d e r e d  i n  t h e  f o l l o w i n g  
way. Whi l e  r e c o r d i n g  t h e  s p e c t r o g r a m s  of t h e  p l a n e t s ,  we a l s o  r e -  
c o r d e d  t h e  s p e c t r o g r a m s  o f  t h e  e l e c t r i c  b u l b  wh ich  w a s  u s e d  f o r  
c a l i b r a t i o n  and  wh ich  a l s o  s e r v e d  a s  t h e  s t a n d a r d  for. " t i e - i n "  
o f  t h e  s p e c t r o g r a m s  o f  J u p i t e r .  We t h e n  o b t a i n e d  t h e  r a t i o s  

where  

J u p i t e r  s p e c t r o g r a m  and  Ix s t  i s  t h e  c o r r e s p o n d i n g  i n t e n s i t y  o f  t h e  
s t a n d a r d .  The i n t e n s i t i e s  t h u s  c o r r e c t e d  c o u l d  b e  u s e d  i n  o r d e r  t o  
c o n s t r u c t  t h e  b a n d  c o n t o u r  and  t o  d e t e r m i n e  i t s  e q u i v a l e n t  w i d t h  
Wb; i n  t h i s  c a s e ,  t h e  p o s s i b l e  d e c r e a s e  o f  t h e  c o n t i n u o u s  s p e c t r u m  
d u e  t o  t h e  " c r o w d i n g "  of  t h e  s p e c t r a l  ( F r a u n h o f e r )  l i n e s  w a s  n o t  
c o n s i d e r e d .  M o r e o v e r ,  we o b t a i n e d  a n  i n c o r r e c t  p i c t u r e  f o r  t h e  
g e n e r a l  i n t e n s i t y  d i s t r i b u t i o n  i n  t h e  r a n g e  f rom 6000-6500 8 ,  
t h e  maximum i n  t h e  e n e r g y  d i s t r i b u t i o n  i n  t h e  s p e c t r u m  o f  t h e  b u l b  
moved w i t h  r e s p e c t  t o  t h e  maximum i n  t h e  s p e c t r u m  o f  t h e  Sun.  

I / A 1 4  
I ] - - '  1 qst 

i s  t h e  i n t e n s i t y  a t  a c e r t a i n  w a v e l e n g t h  o f  t h e  
'Ai& 

z 

s i n c e  

I n  Augus t  o f  1 9 6 4  and  O c t o b e r  o f  1 9 6 6 ,  we c a r r i e d  o u t  a s p e c i a l  
s t u d y  on t h e  " t i e - i n "  o f  o u r  s t a n d a r d s  t o  t h e  c e n t e r  o f  t h e  s o l a r  
d i s k .  A s  would  be  e x p e c t e d ,  t h e  c u r v e  e x p r e s s i n g  t h e  d e v e l o p m e n t  
o f  t h e  r a t i o  IstI@ c o i n c i d e s  w i t h  t h e  w a v e l e n g t h  for b o t h  p e r i o d s ,  
s i n c e  t h e  r e g i m e  f o r  s u p p l y i n g  t h e  b u l b s  r e m a i n e d  u n c h a n g e d .  A s  a 

r e s u l t ,  t h e  r a t i o s  - '"iq c a n  b e  c o n v e r t e d  i n t o  t h e  r a t i o s  ' -  1-4- , 

a n d  t h e n  t h e  c o n t o u r s . m a y  b e  c o n s t r u c t e d  and t h e  e q u i v a l e n t  w i d t h  
d e t e r m i n e d .  

' 4 7 

'Ais t : 'A,EI 

A c o m p a r i s o n  of t h e  e q u i v a l e n t  w i d t h  o f  t h e  6 1 9 0  % band o b t a i n e d  
f o r  " t i e - i n "  t o  t h e  s t a n d a r d  and  t o  t h e  Sun shows a s y s t e m a t i c  d i f -  
f e r e n c e  o f  2 - 2 . 5  8 ,  where  t h e  e q u i v a l e n t  w i d t h s  were  f o u n d  t o  b e  
s m a l l e r  i n  t h e  s e c o n d  c a s e .  They were  a l s o  u s e d  a s  t h e  f i n a l  d a t a .  

The e q u i v a l e n t  w i d t h  a n d  c e n t r a l  i n t e n s i t i e s  were  c a l c u l a t e d  
on t h e  e l e c t r o n i c  c o m p u t e r  " P r i m i n ' " .  

E V A L U A T I O N  OF ACCURACY OF T H E  RESULTS 

The p r o b l e m  o f  e v a l u a t i n g  t h e  a c c u r a c y  i n  d e t e r m i n i n g  t h e  
e q u i v a l e n t  w i d t h  o f  t h e  m o l e c u l a r  band  i s  r a t h e r  complex .  

The € a c t  i s  t h a t ,  s t r i c t l y  s p e a k i n g ,  t h e  s p e c t r o g r a m s  o b t a i n e d  
a t  d i f f e r e n t  moments a r e  n o t  c o m p a r a b l e  for a n y  g i v e n  t a r g e t .  The 
c h a n g e s  i n  i n t e n s i t y  o f  t h e  band  on s e v e r a l  s p e c t r o g r a m s  f o r  t h e  
same p o i n t s  on t h e  d i s k  may b e  d u e  t o  a c t u a l  p r o c e s s e s ,  a n d  n o t  o n l y  
t o  measu remen t  e r r o r s .  M o r e o v e r ,  s u b s t a n t i a l  v a r i a t i o n s  may a l s o  
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o c c u r  i n  t h e  d i s t r i b u t i o n  o f  m o l e c u l a r  a b s o r p t i o n  on t h e  d i s k  it- 
s e l f .  N e v e r t h e l e s s ,  w e  a r e  c o m p e l l e d  t o  u s e  t h e  s p e c t r o g r a m s  r e -  

._ - ri, , 

%\.../ I ,  

f 

F i g .  1. Methane Absorp -  
t i o n  D i s t r i b u t i o n  i n  t h e  
6 1 9 0  a Band Along  t h e  
C e n t r a l  M e r i d i a n  on 
March 23-24 ,  1 9 6 6 .  ( a )  
UT 1 7 h 1 3 m -  (b) UT 1 7 h 2 4 m ;  
( c )  U T  17$38m; ( d )  UT 
17h49m; ( e )  UT 1 7 h 5 8 m ;  
( f )  Average  for t h e  5 
T i m e s ) .  

e a c h  o f  t h e  s p e c t r o g r a m s .  

l a t i n g  t o  d i f f e r e n *  m e t h o d s  o f  o b s e r v a -  
t i o n s  o f  t h e  same r e g i o n  o f  J u p i t e r  i n  
o r d e r  t o  e s t i m a t e  t h e  a c c u r a c y  of  t h e  
r e s u l t s .  The s p e c t r o g r a m s  w h i c h  a r e  
mos t  s u i t a b l e  f r o m  t h i s  p o i n t  o f  v i e w  
a r e  t h o s e  o b t a i n e d  d i r e c t l y  one  a f t e r  
a n o t h e r ,  w i t h  s h o r t  e x p o s u r e s .  We 
use  t h i s  me thod  t o  e v a l u a t e  t h e  a c c u r -  
a c y  o f  o u r  r e s u l t s .  

I n  March o f  1 9 6 6 ,  w e  o b t a i n e d  a 
number o f  s p e c t r o g r a m s  o f  J u p i t e r  w i t h  
s h o r t  e x p o s u r e s  (t = 7 n i n )  f o r  o r i e n -  
t a t i o n  o f  t h e  s p e c t r o g r a p h  s l i t s  a l o n g  
t h e  c e n t r a l  m e r i d i a n .  A f t e r  a n a l y z i n g  
t h e m ,  we o b t a i n e d  t h e  e q u i v a l e n t  w i d t h  
Wb o f  t h e  6 1 9 0  8 ,  and  c o n s t r u c t e d  t h e  
d e p e n d e n c e s  o f  Wb on t h e  j o v i c e n t r i c  
l a t i t u d e s .  The r e s u l t s  a r e  g i v e n  i n  
F i g u r e  1. I t  i s  e a s y  t o  s e e  t h a t  t h e  
g e n e r a l  n a t u r e  o f  t h e  d i s t r i b u t i o n  o f  
wb i s  i d e n t i c a l  f o r  a l l  t h e  c i t e d  mom- 
e n t s  o f  o b s e r v a t i o n .  T h i s  p e r m i t t e d  
u s  t o  c o n s t r u c t  t h e  a v e r a g e d  d i s t r i b u -  
t i o n  c u r v e s  for Wb a l o n g  t h e  c e n t r a l  
m e r i d i a n ,  f o r  a g i v e n  p e r i o d  o f  ob -  
s e r v a t i o n s ,  and  t o  e s t i m a t e  t h e  e r r o r s  
The r o o t - m e a n - s q u a r e  e r r o r  i n  a s i n g l e  
m e a s u r e m e n t s  o f  wb w a s  c a l c u l a t e d  ac- 
c o r d i n g  t o  t h e  f o l l o w i n g  f o r m u l a :  

where  ] V i ]  i s  t h e  modu lus  of  t h e  d e v i a -  
t i o n  f rom t h e  a r i t h m e t i c a l  mean,  E n ;  
i s  t h e  t o t a l  number o f  m e a s u r e m e n t s  o f  

I n  t h i s  c a s e ,  t h e  c a l c u l a t i o n s  y i e l d  CT = 
- + 1 . 4  8 ,  which  a l s o - c h a r a c t e r i z e s  t h e  i n t r i n s i c  a c c u r a c y  o f  o u r  
r e s u l t s .  

We s h o u l d  m e n t i o n  t h a t  some d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  
me thane  a b s o r p t i o n  a l o n g  t h e  c e n t r a l  m e r i d i a n  a r e  p o s s i b l e  and  
r e a l i s t i c  f o r  t h e  c i t e d  moments o f  o b s e r v a t i o n .  I n  a n y  c a s e ,  t h e r e  
a r e  c e r t a i n  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  l i g h t  and  d a r k  d e -  
t a i l s  on  t h e  d i s k  o f  t h e  p l a n e t ,  a l t h o u g h  t h e  e n t i r e  p r o c e s s  o f  
o b s e r v a t z o n  t o o k  a r o u n d  5 0  min .  
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I t  c a n  b e  s e e n  f r o m  F i g u r e  1 t h a t  t h e  n o r t h e r n  l a t i t u d e s  a r e  

S 2 3 4 5 6 7 8 9 I O N  12 13 I4 15 IG 1 7 N  

F i g .  2 .  B r i g h t n e s s  D i s t r i b u t i o n  Along  t h e  C e n t r a l  M e r i d i a n  o n  March 
2 3 - 2 4  1 9 6 6 .  (1) A t  t h e  C e n t e r  o f  t h e  6 1 9 0  8 Band;  ( 2 )  O u t s i d e  t h e  
6050 Band. 

c h a r a c t e r i z e d  d u r i n g  t h e  g i v e n  o b s e r v a t i o n  p e r i o d  b y  s t r o n g e r  a b -  
s o r p t i o n  t h a n  a r e  t h e  s o u t h e r n  l a t i t u d e s .  The d i f f e r e n c e  i n  a b -  
s o r p t i o n  i s  3 - 4  a for t h e  c i t e d  l a t i t u d e s .  I t  i s  i m p o r t a n t  t h a t  
t h e  n o r t h e r n  p a r t  o f  t h e  d i s k  i s  much d a r k e r  t h a n  t h e  s o u t h  ( F i g .  
2 ) .  T h i s  i n d i c a t e s  t h a t  t h e r e  i s  a d i r e c t  r e l a t i o n s h i p  b e t w e e n  t h e  
d i s t r i b u t i o n  o f  t h e  d a r k  s u b s t a n c e  and  t h e  i n t e n s i t y  o f  t h e  m e t h a n e  
a b s o r p t i o n  b a n d :  t h e  d a r k  r e g i o n s  a r e  c h a r a c t e r i z e d  b y  s t r o n g e r  
a b s o r p t i o n .  

The d i f f e r e n c e  i n  b r i g h t n e s s  d i s t r i b u t i o n  a l o n g  t h e  c e n t r a l  
m e r i d i a n  a t  t h e  c e n t e r  o f  t h e  a b s o r p t i o n  b a n d  ( 6 1 9 0  8 )  a n d  o u t s i d e  
t h e  b a n d s  ( 6 0 5 0  8 )  i s  r e p r e s e n t e d  i n  F i g u r e  2 .  

R E S U L T S  OF THE O B S E R V A T I O N S  

The e q u i v a l e n t  w i d t h s  Wb a n d  d e p t h s  Rb o f  t h e  6190 1 m e t h a n e  
a b s o r p t i o n  b a n d  which  w e r e  o b t a i n e d  f r o m  a n  a n a l y s i s  o f  t h e  s p e c t r o -  
g rams  of  J u p i t e r  a r e  g i v e n  i n  t h i s  s t u d y  ( T a b l e s  1, 2 o f  t h e  A p p e n d i x ) .  
The s p e c t r o g r a m s  w e r e  o b t a i n e d  f o r  o r i e n t a t i o n  o f  t h e  s p e c t r o g r a p h  
s l i t  b o t h  a l o n g  t h e  c e n t r a l  m e r i d i a n  a n d  a l o n g  t h e  e q u a t o r  o f  t h e  
p l a n e t s .  Moreove r ,  a number  o f  s p e c t r o g r a m s  o f  t h e  l i m b  z o n e s  o f  
t h e  J u p i t e r  d i s k  w a s  o b t a i n e d .  The r e s u l t s  o f  a n  a n a l y s i s  of  t h e s e  
s p e c t r o g r a m s  a r e  g i v e n  i n  T a b l e  3 o f  t h e  Append ix .  

Numerous l i g h t  a n d  d a r k  d e t a i l s  a r e  o b s e r v e d  o n  t h e  s p e c t r o g r a m s  
o b t a i n e d  for o r i e n t a t i o n  o f  t h e  s p e c t r o g r a p h  s l i t  a l o n g  t h e  c e n t r a l  
m e r i d i a n .  A d e s c r i p t i o n  i s  g i v e n  i n  T a b l e  1 o f  t h e  Append ix .  Some 
of t h e s e  d e t a i l s  w e r e  i d e n t i f i e d  as  ” c o n t i n u o u s ”  l i g h t  z o n e s  a n d  
d a r k  b a n d s  o f  t h e  v i s i b l e  s u r f a c e  o f  J u p i t e r ,  b u t  t h i s  i d e n t i f i c a -  
t i o n  may n o t  be a c c u r a t e  i n  some c a s e s ,  s i n c e  w e  c o u l d  n o t  o b t a i n  
d i r e c t  p h o t o g r a p h s  o f  t h e  e n t i r e  d i s k  o f  t h e  p l a n e t  i n  a p a r a l l e l  
manner .  
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I n  t h e  c a s e  o f  o r i e n t a t i o n  of  t h e  s l i t  a l o n g  t h e  e q u a t o r  o f  
J u p i t e r ,  a d e s c r i p t i o n  o f  t h e  i n d i v i d u a l  d e t a i l s  i s  n o t  g i v e n .  
T h i s  c a n  b e  e x p l a i n e d  b y  t h e  f a c t  t h a t ,  a l t h o u g h  t h e  e q u a t o r i a l  
z o n e  h a s  a complex  s t r u c t u r e  i n  i n d i v i d u a l  c a s e s ,  it n e v e r t h e l e s s  
g e n e r a l l y  h a s  much f e w e r  d e t a i l s  t h a n  t h e  d i r e c t i o n  a l o n g  t h e  
c e n t r a l  m e r i d i a n .  

L e t  u s  d i s c u s s  t h e  c h a r a c t e r i s t i c s  of t h e  r e s u l t s  o b t a i n e d  i n  
more d e t a i l .  

F i r s t  o f  a l l ,  l e t  u s  m e n t i o n  t h a t  t h e  v a l u e  f o r  t h e  me thane  
a b s o r p t i o n  f o r  t h e  c e n t r a l  p a r t  of t h e  J u p i t e r  d i s k  shows s u b s t a n -  
t i a l  c h a n g e s  f r o m  o n e  o b s e r v a t i o n  p e r i o d  t o  a n o t h e r .  T h u s ,  t h e  
e q u i v a l e n t  w i d t h  wb o f  t h e  6 1 9 0  8 band w a s  1 7 - 1 9  8 i n  F e b r u a r y  
and  Augus t  1 9 6 4 ,  i n  March a n d  Augus t  of 1966  and  d u r i n g  c e r t a i n  
o t h e r  o b s e r v a t i o n  p e r i o d s .  An i n c r e a s e  i n  t h e  me thane  a b s o r p t i o n  
was o b s e r v e d  i n  J a n u a r y  and F e b r u a r y  1 9 6 5 .  The e q u i v a l e n t  w i d t h  
o f  t h e  6 1 9 0  8 band for t h e  c e n t r a l  p a r t  of t h e  J u p i t e r  d i s k  w a s  
23-25 8 d u r i n g  t h i s  p e r i o d .  The c h a n g e s  i n  i n t e n s i t y  of t h e  
me thane  band w e r e  i n s i g n i f i c a n t  for c l o s e l y - s p a c e d  o b s e r v a t i o n  
t i m e s  ( f r o m  d a y  t o  d a y ) ,  1 - 2  8 i n  e q u i v a l e n t  w i d t h .  

We h a v e  s t i l l  n o t  found  a mechanism which  m i g h t  e x p l a i n  t h e  
c h a n g e s  o b s e r v e d  i n  t h e  v a l u e s  for methane  a b s o r p t i o n .  However ,  
we c a n  m e n t i o n  a number of c a u s e s  wh ich  m i g h t  b r i n g  a b o u t  t h i s  
e f f e c t .  A s  w a s  i n d i c a t e d  i n  [l], one  o f  them c o u l d  b e  a c h a n g e  
i n  l i n e a r  t h i c k n e s s  of t h e  p u r e l y  g a s e o u s  l a y e r  above  t h e  c l o u d s  
due  t o  a c h a n g e  i n  t h e  e f f e c t i v e  u p p e r  b o u n d a r y  of t h e  c l o u d  l a y e r  
of J u p i t e r .  
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F i g .  3 .  L o n g i t u d i n a l  D i s t r i b u t i o n  o f  Methane  A b s o r p t i o n  f o r  t h e  
C e n t e r  of t h e  J u p i t e r  D i s k .  (t) O b s e r v a t i o n s  o f  1960  (Data  Taken  
f rom [l]); (X) O b s e r v a t i o n s  o f  1 9 6 4 ;  ( 0 )  O b s e r v a t i o n s  o f  1 9 6 5 ;  
( A )  O b s e r v a t i o n s  o f  1 9 6 6 .  

The v e r t i c a l  movements of t h e  b o u n d a r y  l a y e r  of t h e  c l o u d  may 
b e  due  t o  t h e  l e v e l  of c o n v e c t i o n ,  i . e . ,  t h e  maximum l e v e l  t o  wh ich  
t h e  a s c e n d i n g  m o t i o n s  o f  t h e  g a s  c a n  p e n e t r a t e  for a c e r t a i n  r e g i o n  
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of  t h e  p l a n e t .  I n  o t h e r  w o r d s ,  t h e  c i r c u l a t i o n  p r o c e s s e s  i n  t h e  
J u p i t e r  a t m o s p h e r e  may b e  c a u s e d  b y  c e r t a i n  l o c a l  s o u r c e s  d i s -  
t r i b u t e d  b y  l o n g i t u d e  wh ich  h a v e  d e f i n i t e  a c t i v i t y .  T h e r e f o r e ,  
we mus t  d e t e r m i n e  w h e t h e r  t h e  o s c i l l a t i o n s  o b s e r v e d  i n  t h e  i n t e n -  
s i t y  o f  m e t h a n e  a b s o r p t i o n  a r e  c h a r a c t e r i s t i c  o f  a l l  t h e  l o n g i t u d e s  
or i f  t h e y  o c c u r  more f r e q u e n t l y  f o r  c o m p l e t e l y  d e f i n e d  r e g i o n s  
o f  t h e  p l a n e t .  T o  a n s w e r  t h i s  q u e s t i o n ,  w e  c o n s t r u c t - e d  t h e  l o n g i -  
t u d i n a l  d i s t r i b u t i o n  o f  me thane  a b s o r p t i o n  and  i t s  c h a n g e  f o r  d i f -  
f e r e n t  o b s e r v a t i o n  p e r i o d s .  

A s  c a n  b e  s e e n  f r o m  F i g u r e  3 ,  t h i s  d i s t r i b u t i o n  shows a number 
o f  i n t e r e s t i n g  c h a r a c t e r i s t i c s .  The g r e a t e s t  v a r i a t i o n s  i n  i n t e n -  
s i t y  o f  m e t h a n e  a b s o r p t i o n  a r e  o b s e r v e d  i n  t h e  r a n g e  o f  l o n g i t u d e s  
o f  190-320O ( s y s t e m  1) .  D u r i n g  s i n g l e  o b s e r v a t i o n  p e r i o d s ,  t h e  
e q u i v a l e n t  w i d t h  o f  t h e  6 1 9 0  8 band  c h a n g e d  a t  t h e  l o n g i t u d e s  f r o m  
1 4 - 1 5  t o  25-26 8 .  O t h e r  l o n g i t u d e s  a r e  c h a r a c t e r i z e d  b y  much 
s m a l l e r  v a r i a t i o n s  i n  i n t e n s i t y  o f  me thane  a b s o r p t i o n  d u r i n g  t h e  
e n t i r e  o b s e r v a t i o n  p e r i o d s .  

I t  c a n  b e  assumed t h a t  t h e s e  d i f f e r e n c e s  may b e  e x p l a i n e d  i n  
t e r m s  o f  t h e  v a r y i n g  i n t e n s i t y  o f  t h e  c i r c u l a t i o n  p r o c e s s e s  i n  
t h e  J u p i t e r  a t m o s p h e r e  a t  d i f f e r e n t  l o n g i t u d e s .  

The i n t e n s i t y  d i s t r i b u t i o n  o f  t h e  6 1 9 0  8 methane  band o v e r  t h e  
d i s k  o f  J u p i t e r  h a s  b e e n  s t u d i e d  by  many a u t h o r s .  A r e v i e w  o f  t h e  
e a r l y  s t u d i e s  c a n  b e  f o u n d  i n  [ S I  o f  H e s s .  I t  i s  i n d i c a t e d  i n  a l l  
t h e s e  s t u d i e s  t h a t  t h e r e  a r e  n o  C H 4  v a r i a t i o n s .  A l t h o u g h  h i s  ob-  
s e r v a t i o n s  were  n o t  n u m e r o u s ,  Hess  h i m s e l f  f o u n d  t h a t  t h e  6 1 9 0  8 
methane  band  i s  somewhat d i m i n i s h e d  a r o u n d  t h e  w e s t  and  e a s t  l i m b s  
n e a r  t h e  e q u a t o r i a l  r e g i o n  a n d  much more d i m i n i s h e d  d u r i n g  a t r a n s i -  
t i o n  f r o m  t h e  e q u a t o r i a l  r e g i o n s  t o  t h e  m i d d l e  l a t i t u d e s .  

V . G .  T e y f e l l  [l] d i d  n o t  f i n d  a s u b s t a n t i a l  c h a n g e  i n  t h e  6 1 9 0  8 
band a l o n g  t h e  e q u a t o r  w i t h  h i s  much g r e a t e r  numher o f  s p e c t r a  b u t  
n a r r o w e r  d i s p e r s i o n  t h a n  t h a t  o f  H e s s .  A l t h o u g h  t h e  l a t i t u d i n a l  
d i s t r i b u t i o n s  showed some p a r t i c u l a r  c h a r a c t e r i s t i c s ,  t h e  d e v i a t i o n s  
were  s m a l l e r  t h a n  t h o s e  which  Hess  f o u n d .  However,  Munch and  Younkin 
[ 4 ]  f o u n d ,  w i t h  t h e  a i d  o f  a p h o t o e l e c t r i c  s p e c t r o m e t e r ,  t h a t  t h e  
6 1 9 0  8 band  somewhat d e c r e a s e s  i n  i n t e n s i t y  a l o n g  t h e  e q u a t o r  f rom 
t h e  c e n t e r  t o  t h e  e d g e .  I t  i s  d i f f i c u l t  t o  e s t a b l i s h  a q u a n t i t a t i v e  
a g r e e m e n t  b e t w e e n  t h e s e  r e s u l t s  and  t h o s e  o f  o t h e r  a u t h o r s ,  s i n c e  
t h e  a u t h o r s  c i t e d  d i d  n o t  p u b l i s h  n u m e r i c a l  r e s u l t s  f o r  t h e i r  meas-  
u r e m e n t s .  

T h u s ,  t h e r e  a r e  d i s c r e p a n c i e s  i n  t h e  r e s u l t s  o f  i n d i v i d u a l  
a u t h o r s .  A d e t a i l e d  s t u d y  o f  t h e  d i s t r i b u t i o n  of methane  a b s o r p t i o n  
i n  t h e  6190 8 band  a l o n g  t h e  c e n t r a l  m e r i d i a n  a n d  t h e  e q u a t o r  o f  t h e  
p l a n e t  w a s  t h e r e f o r e  c a r r i e d  o u t  a c c o r d i n g  t o  a l l  t h e  s p e c t r o g r a m s  
o b t a i n e d  ( s e e  t h e  A p p e n d i x ) .  

C o n s i d e r i n g  o u r  r e s u l t s ,  i t  c a n  b e  assumed t h a t  t h e  n a t u r e  of  
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an a b s o r p t i o n  d i s t r i b u t i o n  i n  t h e  6190 r( b a n d  b o t h  a l o n g  t h e  c e n t r a l  
m e r i d i a n  a n d  a l o n g  t h e  e q u a t o r  c h a n g e s  s u b s t a n t i a l l y  from o n e  o b s e r v a -  
t i o n  p e r i o d  t o  a n o t h e r .  Almost  a l l  o f  t h e  o b s e r v a t i o n s  wh ich  w e r e  
c a r r i e d  o u t  i n  J a n u a r y - F e b r u a r y  o f  1 9 6 5  show a g r a d u a l  d e c r e a s e  i n  
e q u i v a l e n t  w i d t h  of  t h e  6190 8 band  a r o u n d  t h e  e d g e s  o f  t h e  p l a n e t  
d i s k  ( F i g .  4 ) .  O t h e r  o b s e r v a t i o n  p e r i o d s  a r e  c h a r a c t e r i z e d  by  a 
l e s s  p r o n o u n c e d  d e c r e a s e  i n  i n t e n s i t y  o f  m e t h a n e  a b s o r p t i o n  a r o u n d  
t h e  e d g e s  of t h e  J u p i t e r  d i s k ,  b u t  t h e  v a l u e s  o f  wb o f  t h e  6190 a 
band  a r e  l o w e r  for t h e  e d g e  zone  t h a n  for t h e  c e n t e r  of t h e  d i s k  o f  
t h e  p l a n e t  i n  t h i s  c a s e ,  as  a r u l e .  The f i n a l  a v e r a g e  d a t a  for t h e  
c e n t r a l  and  e d g e  z o n e s  a r e  g i v e n  i n  t h e  T a b l e s .  

C e n t e r  o f  D i s k  

F i g .  4 .  A b s o r p t i o n  D i s t r i b u t i o n  i n  t h e  6 1 9 0  8 Methane Band Along 
t h e  C e n t r a l  M e r i d i a n  on J a n u a r y  1 6 - 1 7 ,  1 9 6 5 .  (UT18h25m).  

S - p o l a r  r e g i o n  ' 1 4 . 8  
S - t r o p i c a l  d a r d  b a n d  2 0 . 9  
E q u a t o r i a l  l i g h t  zone  2 0 . 3  
N - t r o p i c a l  d a r k  band  1 9 . 2  
N - p o l a r  r e g i o n s  1 5 . 7  
W e s t e r n  Limb 1 4 . 8  
E a s t e r n  Limb 1 6 . 4  

Rb 

0 . 1 6 3  
0.221 
0.211 
0 . 2 0 2  
0 . 1 7 1  
0 . 1 6 2  
0 . 1 7 6  

__ - 

No. o f  Measure-  
. ~~ 

m e n t s  . .  

50 
46 
45 
5 1  
55 
28 
3 2  

The p h o t o g r a p h i c  edge  e f f e c t s  o b v i o u s l y  d o  n o t  p l a y  a s i g n i f i c a n t  
r o l e  i n  d e t e r m i n i n g  t h e  e q u i v a l e n t  w i d t h s  o f  o u t e r  b a n d s ,  s i n c e  
t h e  s p e c t r o g r a m s  o b t a i n e d  e s p e c i a l l y  for t h e  e d g e  z o n e s  o f  t h e  
J u p i t e r  d i s k  w i t h  n o r m a l  d e n s i t i e s  a l s o  g i v e s  l e s s  e q u i v a l e n t  w i d t h s ,  
compared t o  t h e  c e n t e r  o f  t h e  d i s k .  
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The v a r i a t i o n s  f r o m  c e n t e r  t o  e d g e  a r e  shown i n  F i g u r e s  5 and 
6 f o r  a l l  t h e  o b s e r v a t i o n  p e r i o d s .  

S i n c e  a q u a n t i t a t i v e  i n t e r p r e t a t i o n  of t h e  r e s u l t s  o b t a i n e d  
w i l l  b e  g i v e n  i n  a s e p a r a t e  s t u d y ,  we w i l l  d i s c u s s  o n l y  some g e n e r a l  
c o n c e p t s .  

w -  
C 

F i g .  5 .  V a r i a t i o n s  o f  Wc - W e .  ( + )  C e n t e r ,  S - P o l a r  R e g i o n ;  0 -Cen- 
t e r ,  N-Po la r  R e g i o n .  

S e v e r a l  h y p o t h e s e s  h a v e  b e e n  s u g g e s t e d  t o  e x p l a i n  t h e  s m a l l  
v a r i a t i o n s  b e t w e e n  t h e  c e n t e r  a n d  t h e  e d g e s .  We h a v e  a l r e a d y  men- 
t i o n e d  one of  t h e m ,  p r o p o s e d  by  Hess  [ 3 ] .  V . G .  T e y f e l '  [ 2 ]  s u g g e s t e d  
t h e  f o l l o w i n g  h y p o t h e s i s  i n  o r d e r  t o  e x p l a i n  t h e  c o n s t a n c y  I n  i n -  
t e n s i t y  o f  t h e  C H 4  a b s o r p t i o n  band  on t h e  d i s k  o f  J u p i t e r :  t h e  r e a l  
me thane  i l b s o r p t i o n  o c c u r s  n o t  o n l y  i n  t h e  p u r e l y  g a s e o u s  l a y e r  of 
t h e  J u p i t e r  a t m o s p h e r e  above  t h e  c l o u d  c o v e r ,  b u t  a l s o  i n  t h e  c l o u d  
l a y e r  i t s e l f .  

However ,  as o u r  o b s e r v a t i o n s  show, t h e  v a r i a t i o n s  f rom c e n t e r  
t o  e d  e a r e  of a much more complex  n a t u r e  f o r  t h e  a b s o r p t i o n  i n  t h e  
6 1 9 0  f band  t h a n  w a s  a s sumed  b e f o r e .  
f rom o n e  o b s e r v a t i o n  p e r i o d  t o  a n o t h e r .  

The v a l u e  o f  Wc - We c a n  c h a n g e  

I t  seems t o  u s  t h a t  t h e  h y p o t h e s i s  o f  m u l t i p l e  s c a t t e r i n g  p r o -  
p o s e d  by  V . V .  S h a r o n o v  [SI i s  t h e  mos t  n a t u r a l  e x p l a n a t i o n  f o r  o u r  
r e s u l t s .  A c c o r d i n g  t o  t h i s  h y p o t h e s i s ,  t h e  a b s o r p t i o n  l i n e s  a r e  
formed i n  t h e  c l o u d  l a y e r  d u r i n g  m u l t i p l e  s c a t t e r i n g .  I n  t h i s  c a s e ,  
t h e  d e p t h s  t o  wh ich  t h e  q u a n t a  p e n e t r a t e  n e a r  t h e  e d g e  of t h e  d i s k  
i s  l e s s  t h a n  for p e r p e n d i c u l a r  i n c i d e n c e ,  wh ich  b r i n g s  a b o u t  a de -  
c r e a s e  o f  t h e  a b s o r p t i o n  b a n d s .  M o r e o v e r ,  t h e  u p p e r  b o u n d a r y  of  t h e  
c l o u d  l a y e r  may h a v e  a complex  l ' r e l i e f l f ,  wh ich  s h o u l d  h a v e  a s u b s t a n -  
t i a l  e f f e c t  on t h e  o b s e r v e d  v a r i a t i o n s  f r o m  t h e  c e n t e r  t o  t h e  e d g e .  
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A s  c a n  b e  s e e n  f rom t h e  t a b l e ,  d i f f e r e n c e s  h a v e  n o t  b e e n  e s t a b -  
l i s h e d  i n  t h e  v a l u e  for methane  a b s o r p t i o n  for t h e  l i g h t  e q u a t o r i a l  

I 
! 

i 
I 

1.. I 
A'd;'G"1 

1955 

I 

I 

I 
f l  

I 
I 

+ ,  
r ,I 

i 
I 

O I  

I 

_ _ _ _  

I 

I 
4 1  

+ j  

i 
I 
I 

F i g .  6 .  V a r i a t i o n s  o f  wc - Wet (t - C e n t e r ,  W e s t e r n  Limb; 0 - C e n t e r ,  
E a s t e r n  L imb) .  

band  a n d  t h e  d a r k  t r o p i c a l  b a n d .  O b v i o u s l y ,  t h e r e  i s  r e a s o n  t o  
s p e a k  o n l y  o f  a c o n n e c t i o n  be tween  t h e  i n t e n s i t y  o f  me thane  a b s o r p -  
t i o n  and t h e  g e n e r a l  d i s t r i b u t i o n  o f  d a r k  m a t t e r  o v e r  t h e  d i s k  o f  
t h e  p l a n e t .  

t. 
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APPENDIX 

T A B L E  1 DISTRIBUTION OF METHANE ABSORPTION I N  T H E  6190 8 B A N D  A L O N G  
T H E  

No. 

- .  

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

9. 
10. 
11. 
12. 

13. 
14. 

15. 
16. 

17. 
18. 
19. 
20. 
21. 

1. 
2. 

3. 
4. 
5. 
6. 

8. 
9. 
10. 

7 .  

C E N T R A L  M E R I D I A N  

C h a r a c t e r i s t i c s  of  D e t a i l s  I d e n t i f i c a t i o n  W b Y R  Rb 
w i t h  “ C o n s t a n t ”  
F o r m a t i o n s  - . _  - 

1964 
F e b r u a r y  20-21, U T  17h53m(L1 = 280.6O, L I I  = 120.3O) 

S - P o l a r  R e g i o n  
Dark R e g i o n  
Dark Reg ion  
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
Dark D e t a i l  of P r e c e d i n g  
L i g h t  Band 
L i g h t  Band 
Dark Band 
Dark Band 
Dark, C l e a r l y  D i s t i n g u i s h a b l e  
Band 
L i g h t  Band. Very  Weak 
Dark Band. Small D u p l i c a t i o n  
w i t h  P r e c e d i n g  L i g h t  Band 
Dark Band ( D a r k n e s s  o n  D i s k )  
L i g h t ,  C l e a r l y  D i s t i n g u i s h a b l e  
Band 
Same 
Dark R e g i o n  
Dark R e g i o n  
P o l a r  Reg ion  
N-Po la r  R e g i o n  

I 
I 

16.4 
17.1 
12.0 
11.8 
14.6 
14.8 
14.9 

16.1 
15.7 

S T r o p i c a l  16.5 
Dark Band 17.7 

18.5 
E q u a t o r i a l  Zone 15.5 

17.9 
N T r o p i c a l  16.8 
Dark  Band 

14.7 

12.3 
12.8 
14.2 
13.5 
16.3 

F e b r u a r y  21-22 U T  1 6 h 1 5 m ( L ~  = 18.5’, L I I  = 21?..4O) 

S - P o l a r  R e g i o n  
Dark , C l e a r l y  D i s t i n g u i s h a b l e  
band  
L i g h t  D e t a i l  
L i g h t  R e g i o n  
D a r k e r  D e t a i l  o f  L i g h t  R e g i o n  
B e g i n n i n g  o f  Wide L i g h t  Band 
L i g h t  Band 
D a r k e r  D e t a i l  o f  L i g h t  Band 
L i g h t  Band 
L i g h t  Band 

14.2 

17.3 
18.0 
18.5 
20.2 
17.0 
16.5 
18.1 
18.0 
18.7 

0.180 
0.169 
0 , 1 7 0  
0.139 
0.173 
0.152 
0.175 

0.175 
0.180 

0.185 
0.185 
0.180 
0.162 
0.185 
0.182 

0.163 

0.159 
0.162 
0.155 
0.160 
0.200 

0.179 

0.188 
0.200 
0.229 
0.238 
0.222 
0.230 
0.239 
0.228 
0.200 
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I 

C O N T I N U A T I O N  OF T A B L E  1 
- 

No. C h a r a c t e r i s t i c s  o f  D e t a i l s  I d e n t i f i c a t i o n  w,,a R ,  
w i t h  I' Con s t a n t  

-. F o r m a t i o n s  - 

11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 

1. 
2. 
3. 
4. 
5. 

6. 
7. 

8. 
9. 
10. 
11. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

B e g i n n i n g  o f  Wide Dark Region  
Dark  R e g i o n  
S a m e  
L i g h t  S h a r p  Band 
L i g h t  S h a r p  Band 
Dark Band 
L i g h t  S h a r p  Band 
Dark R e g i o n  
Dark R e g i o n  
Dark R e g i o n  
N - P o l a r  R e g i o n  
N - P o l a r  R e g i o n  
N - P o l a r  R e g i o n  

19.2 
20.9 
19.2 
19.9 
15.8 
18.2 
16.2 
16.8 
16.2 
17.5 
17.1 
14.8 
21.0 

0.242 
0.232 
0.231 
0.229 
0.181 
0.179 
0.180 
0.202 
0.210 
0.203 
0.198 
0.199 
0.241 

S - P o l a r  R e g i o n  
L i g h t  Band 
L i g h t  Band 
Dark Band 
S u p e r p o s i t i o n  o f  Dark a n d  
F o l l o w i n g  L i g h t  Bands 
L i g h t  S h a r p  Band 
S u p e r p o s i t i o n  o f  P r e c e d i n g  
Band and  F o l l o w i n g  Dark  
Wide Bands 
Dark Band 
L i g h t  Band H i n t e d  
L i g h t  Band ( C e n t e r )  
D a r k e r  Segment  o f  P r e c e d i n g  
L i g h t  Band 
Dark  Band 
Dark Band 
Dark Band 
L i g h t  S h a r p  Band 
D a r k e r  Segment  o f  P r e c e d i n g  Band 
Dark Reg ion  
L i g h t e r  D e t a i l  i n  Dark R e g i o n s  
Dark R e g i o n  
N-Po la r  Reg ion  
N - P o l a r  R e g i o n  

S T r o p i c a l  
Dark Band 1 

i 
1 

E q u a t  o r i  a1 
L i g h t  Zone 

N T r o p i c a l  
Dark Band 

17.3 0.209 
20.1 0.205 
22.3 0.208 
20.3 0.219 
19.2 0.220 

19.3 0.199 
18.7 0.205 

17.6 0.212 
22.1 0.222 
17.9 0.213 
18.1 0.185 

19.9 0.218 
19.3 0.205 
18.8 0.211 
18.2 0.202 
18.8 0.215 
17.9 0.212 
19.5 0.199 
19.4 0.205 
17.8 0.182 
14.9 0.159 

Augus t  28-29 UT 00h17m (LI = 243.7O, L I I  = 72.0') 

1. S - P o l a r  Reg ion  



C O N T I N U A T I O N  OF T A B L E  1 

No. C h a r a c t e r i s t i c s  o f  D e t a i l s  I d e n t i f i c a t i o n  Wb ,a Rb 
- _  - - .. .- - 

w i t h  
F o r m a t i o n s  

Con s t a n  t If 
- .- . 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 

11. 
12. 

13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

21. 
22. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

8. 
9. 
10. 
11. 
12. 
13. 

14. 

15. 
16. 

Dark R e g i o n  
Dark R e g i o n  
L i g h t  Band 
Dark D e t a i l  i n  L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
Dark Band 
L i g h t  Band i n  Wide 
Dark R e g i o n  
Same 
S u p e r p o s i t i o n  o f  P r e v i o u s  
L i g h t  Band and Dark Reg ion  
D a r k  Band 
L i g h t  S h a r p  Band 
Same 
Dark Reg ion  
Dark R e g i o n  
L i g h t  D e t a i l  
Dark Band 
S u p e r p o s i t i o n  o f  L i g h t  Band 
and F o l l o w i n g  Dark  R e g i o n  
N - P o l a r  R e g i o n  
N-Po la r  R e g i o n  

I 
I 

14.8 0.195 
17.6 0.182 
18.3 0.192 
17.2 0.204 
17.6 0.185 
16.6 0.198 

S T r o p i c a l  18.2 0.196 
Dark  Band 16.4 0.202 

16.8 0.192 E q u a t o r i a l  

17.6 0.208 L i g h t  Zone 

16.7 0.186 
N T r o p i c a l  
Dark Band 17.4 0.194 

16.7 0.196 
16.0 0.179 
1 4 . 1  0.184 
15.2 0 . 1 8 0  
17.5 0.186 
18.1 0.193 
18.6 0.188 
19.3 0.185 

Augus t  28-29 UT Olh02m ( L I  = 271.2O, L I I  = 99.2O) 

S - P o l a r  R e g i o n  
L i g h t  Band i n  P o l a r  Reg ion  
Dark D e t a i l  
L i g h t  S h a r p  Band 
Same 
Dark Band 
L i g h t  , C l e a r l y  D i s t i n g u i s h a b l e  
Band 
L i g h t e s t  D e t a i l  o n  D i s k  
L i g h t  Band 

S T r o p i c a l  
Dark  Band 

L i g h t  Zone 

Dark Band 
C e n t e r  o f  Dark  Band 
Dark Band 
L i g h t ,  C l e a r l y  D i s t i n g u i s h a b l e  E q u a t o r i a l  
Band 
S u p e r p o s i t i o n  o f  P r e c e d i n g  
L i g h t  a n d  F o l l o w i n g  Dark Bands 
Dark Band 
Dark s a n d  ( I t s  D a r k e s t  S e g m e n t s )  Dark  Band 

1 
N T r o p i c a l  I 

14.6 0.160 
15.8 0.166 
16.8 0.182 
15.6 0.176 
17.2 0.200 
17.1 0.194 
19.8 0.188 

16.4 0.184 
16.9 0.200 
18.6 0.196 
19.1 0.204 
18.0 0.172 
19.2 0.212 

18.8 0.197 

17.2 0.177 
19.2 0.196 
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C O N T I N U A T I O N  OF TABLE 1 
- 

N o .  C h a r a c t e r i s t i c s  o f  D e t a i l s  I d e n t i f i c a t i o n  Wb ,a  
w i t h  " C o n s t a n t "  

- .  F o r m a t i o n s  - .  _ _ ~  

1 7 .  Very L i g h t  Band 
1 8 .  L . igh t  Band 
1 9 .  Dark  R e g i o n  
20 .  Dark  R e g i o n  
2 1 .  Dark  R e g i o n  
2 2 .  Dark  R e g i o n  
2 3 .  S u p e r p o s i t i o n  o f  L i g h t  Band 

24 .  N - P o l a r  R e g i o n  
2 5 .  N - P o l a r  R e g i o n  

a n d  F o l l o w i n g  L i g h t  R e g i o n  

A u g u s t  29-30  UT 23h33m (LI = 1 4 . 9 O ,  L = 1 9 5 . 7 O )  

1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  

9 .  

1 0 .  
11. 
1 2 .  
1 3 .  

1 4 .  

1 5 .  
1 6 .  
1 7 .  
1 8 .  
1 9 .  
2 0 .  
2 1 .  
2 2 .  
23 .  
24 . -  
2 5 .  

S - P o l a r  
S - P o l a r  R e g i o n  
Dark  R e g i o n  
L i g h t  Band 
D a r k e r  R e g i o n  
Same 
Same 
L i g h t ,  C l e a r l y  D i s t i n g u i s h a b l e  
Band 
L i g h t ,  C l e a r l y  D i s t i n g u i s h a b l e  
Band 
Dark  Band 
Dark  Band 
L i g h t  Band 
S u p e r p o s i t i o n  o f  L i g h t  a n d  
F o l l o w i n g  Dark  Bands  
Dark  Band 

L i g h t  Band 
Dark  D e t a i l  i n  L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
Dark  R e g i o n  
Dark  R e g i o n  
Dark  R e g i o n  
Dark  R e g i o n  

N - P o l a r  R e g i o n  
- ( d e f e c t )  

1 8 . 3  
1 6 . 1  
1 7 . 6  
1 7 . 5  
1 5 . 8  
1 7 . 5  
1 5 . 5  

1 9 . 1  
1 7 . 5  

R b  

0 . 1 9 3  
0 . 1 7 8  
0 . 1 8 0  
0 . 1 9 6  
0 . 1 7 8  
0 . 1 8 8  
0 . 1 7 8  

0 . 1 9 2  
0 . 1 8 0  

1 6 . 3  0 . 1 7 7  
1 7 . 2  0 . 1 9 3  
1 9 . 2  0 . 1 9 0  
1 7 . 7  0 . 1 9 5  
1 7 . 4  0 . 1 9 8  
1 8 . 0  0 .200  
1 8 . 8  0 . 1 9 8  
1 9 . 8  0 . 2 0 4  

20 .8  0 .209  

S T r o p i c a l  1 9 . 4  0 . 2 0 5  
Dark  Band 2 2 . 7  0 .216  

E q u a t o r i a l  
L i g h t  Zone  

2 0 . 0  0 . 2 1 6  
1 9 . 3  0 . 2 0 8  

I N T r o p i c a l  21 .0  0 . 2 2 9  

1 8 . 8  0 . 2 0 3  
1 8 . 8  0 . 2 0 4  
1 7 . 3  0 .194  
1 8 . 3  0 . 2 0 2  
1 7 . 5  0 . 1 8 3  
1 8 . 7  0 . 2 0 2  
2 0 . 0  0 .259  
1 8 . 2  0 . 2 0 6  
1 9 . 5  0 . 2 0 2  

Dark  Band 

A u g u s t  20-30  UT Olh02m (LI = 6 9 . 1 ,  L = 2 4 9 . 5 )  

1 4 . 6  0 . 1 6 8  

1. S - P o l a r  Reg ion  1 3 . 1  0 . 1 4 1  

1 3 2  



C O N T I N U A T I O N  OF T A B L E  1 

No. C h a r a c t e r i s t i c s  of  D e t a i l s  

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

12. 
13. 
14. 
15. 

16. 
17. 
18. 

19. 
20. 
21. 
22. 
23. 
24. 
25. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

8. 
9. 
10. 

11. 
12. 

Dark R e g i o n  
Dark R e g i o n  
Dark R e g i o n  
L i g h t  Band 
Dark Band 
L i g h t  Band 
Dark D e t a i l  i n  L i g h t  Band 
L i g h t  Band 
Dark Band 
Dark Band ( I n s i g n i f i c a n t  
O v e r l a p p i n g  w i t h  F o l l o w i n g  
L i g h t  Band)  
L i g h t  Band 
L i g h t  Band 
Dark Band 
O v e r l a p p i n g  o f  Dark and  

L i g h t e s t  Band on D i s k  
S a m e  
Somewhat D a r k e r  S i t e  Than 
P r e c e d i n g  L i g h t  Band 
Same 
S a m e  
Dark Band 
L i g h t  D e t a i l  
Dark Reg ion  

N-Po la r  Reg ion  

L i g h t  Bands 

- 

I d e n t i f i c a t i o n  
w i t h  “Con s t  a n t  
F o r m a t i o n s  

S T r o p i c a l  
Dark Band 

E q u a t o r i a l  
L i g h t  Zone 
N T r o p i c a l  
D a r k  Band 

14.6 
18.1 
15.3 
15.4 
15.4 
16.3 
15.3 
14.7 
14.6 
18.2 

15.9 
17.3 
17.4 
15.2 

16.9 
14.4 
13.2 

14.0 
16.8 
19.4 
17.5 
18.9 
- 

S e p t e m b e r  27-28 U T  21h04m ( L I  = 184.8O, LII = 145.1) 

S - P o l a r  Reg ion  
Dark Reg ion  
L i g h t  Band 
L i g h t  Band (Somewhat  L i g h t e r )  
Dark D e t a i l  i n  L i g h t  Band 
L i g h t  Band 
L i g h t e s t  D e t a i l  on D i s k ,  Con- 
s i s t i n g  o f  Two Component D e t a i l s  
L i g h t  Band 
Dark Band 
Dark Band 

L i g h t  Band 
b i g h t  Band ( L i g h t e s t  Segmen t )  

I S T r o p i c a l  
Dark Band 

E q u a t o r i a l  
L i g h t  Zone 

0.175 
0.191 
0.186 
0.186 
0.176 
0.182 
0.185 
0.171 
0.190 
0.198 

0.184 
0.189 
0.191 
0.174 

0.188 
0.161 
0.180 

0.177 
0.192 
0.200 
0.194 
0.183 
- 
- 

17.2 0.205 
16.2 0.182 
16.5 0.175 
18.7 0.206 
16.9 0.194 
18.1 0.199 
21.1 0.210 

21.7 0.215 
21.2 0.208 
21.8 0.226 

22.0 0.217 
20.7 0.220 

13 3 

h 



C O N T I N U A T I O N  OF TABLE 1 

No. C h a r a c t e r i s t i c s  o f  D e t a i l s  I d e n t i f i c a t i o n  Wb ,a Rb 
- - - - - - - -_ __ ~- - 

w i t h  l1 C o n  s t a n  t ' I  

F o - rm a t L o  n s ~- - - .  _ _ _ _ _ .  - 

13. 

14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

12. 
13. 

14. 
15. 
16. 
17. 

18. 
19. 
20. 

1. 
2. 
3. 
4. 
5. 
6. 

134 

Dark Band ( I n s i g n i f i c a n t  
O v e r l a p p i n g  w i t h  P r e c e d i n g  
D e t a i l )  
Ba rk  Band 
L i g h t  Band 

L i g h t  R e g i o n  
L i g h t  R e g i o n  
Dark R e g i o n  
N - P o l a r  R e g i o n  
N-Po la r  R e g i o n  

- 

N T r o p i c a l  21.0 0.209 
Dark  Band 

17.2 0.202 
17.4 0.185 
- 0.180 
17.9 0.174 
15.9 0.180 
16.6 0.210 
21.3 0.227 
- - 

S e p t e m b e r  27-28 UT 23h19m ( L I  = 267.1°, L I T  = 225.7O) 

S - P o l a r  R e g i o n  
S - P o l a r  R e g i o n  
L i g h t  R e g i o n  
L i g h t  Band 
Dark  D e t a i l  i n  L i g h t  Band 
L i g h t  Band 
L i g h t e s t  D e t a i l  on D i s k  
L i g h t  Band 
Dark  Band 
Dark Band 
O v e r l a p p i n g  of Dark Band 
a n d  Trace  o f  L i g h t  Band 
L i g h t  Band 
L i g h t  Band ( D a r k e r  Segmen t )  

Dark Band 
Dark Band 
L i g h t  Band 
L i g h t ,  C l e a r l y  D i s t i n g u i s h a b l e  
Band 
L i g h t  Band ( D a r k e r  Segmen t )  
Dark R e g i o n  
N-Po la r  R e g i o n  

I 
i 

November 8-9 UT 18h35m (LI = 

S - P o l a r  Reg ion  

S T r o p i c a l  

18.3 
17.0 
17.6 
18.5 
19.4 
20.1 
21.3 
21.5 
21.2 
23.0 

21.7 Dark Band 

E q u a t o r i a l  
L i g h t  Zone 

22.7 
17.6 

N T r o p i c a l  20.0 
Dark  Band 19.9 

17.2 
18.2 

18.0 
19.1 
19.4 

260.1°, ,511 = 251.7') 

10.8 
12.0 
14.0 
14.5 
14.7 
17.1 

0.188 
0.211 
0.184 
0.198 
0.199 
0.213 
0.206 
0.221 
0.226 
0.210 

0.218 
0.214 
0.212 

0.206 
0.214 
0.193 
0.198 

0.191 
0.210 
0.207 

0.130 
0.145 
0.161 
0.182 
0.180 
0.188 



C O N T I N U A T I O N  OF T A B L E  1 

No. C h a r a c t e r i s t i c s  of D e t a i l s  I d e n t i f i c a t i o n  wb ,a  Rb 
w i t h  “ C o n s t a n t  
Fo rma t  i o n s  

7 .  
8 .  
9 .  
1 0 .  
11. 
1 2 .  
1 3 .  
1 4 .  
1 5 .  
1 6 .  
1 7 .  
1 8 .  
1 9 .  
2 0 .  
2 1 .  
2 2 .  
2 3 .  
24 .  

1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  

8 .  
9 .  
1 0 .  
11. 
1 2 .  
1 3 .  
1 4 .  
1 5 .  
1 6 .  
1 7 .  
1 8 .  

1. 
2. 

Dark  Wide Band 
Dark Wide Band 
L i g h t  Band 
L i g h t  Band ( C e n t e r )  
L i g h t  Band 
Dark  Band 
Dark  Band 
Dark Band 
L i g h t  Band 
L i g h t  Band 
Dark  Reg ion  
N - P o l a r  R e g i o n  
N - P o l a r  Reg ion  

1 6 . 1  0 . 1 8 0  
1 6 . 8  0 . 1 8 2  
1 7 . 2  0 . 1 8 8  
1 9 . 1  0.211 
1 9 . 0  0 .208  

S T r o p i c a l  1 8 . 9  0 .209  
Dark Band 1 8 . 4  0 . 2 1 6  

[ i l l e g i b l e ]  
1 8 . 6  0 . 2 0 8  E q u a t o r i a l  

1 9 . 0  0 . 1 9 8  L i g h t  Band 

1 7 . 3  0 . 1 8 2  
N T r o p i c a l  1 5 . 8  0 . 1 7 8  
Dark Band 1 3 . 0  0 . 1 5 5  

1 4 . 6  0 . 1 5 4  
1 4 . 7  0 . 1 6 2  
1 3 . 0  0 . 1 6 8  
1 3 . 5  0 . 1 7 7  
1 3 . 4  0 .167  

\ 
I 

J a n u a r y  1 6 - 1 7  UT 1 8 h 2 5 m ( L ~  = 3 4 2 . 8 ,  L I I  = 177.0’)  

S - P o l a r  Reg ion  
S - P o l a r  R e g i o n  
L i g h t  Band 
L i g h t  Band 
Dark D e t a i l  
L i g h t  Band 
O v e r l a p p i n g  o f  Dark a n d  F o l l o w i n g  
Dark Bands 
Dark Band 
Dark Band 
L i g h t  Band 
L i g h t  Band 

S T r o p i c a l  
D a r k  Band 

E q u a t o r  Ta l  
L i g h t  Zone 

\ 
Dark  R e g i o n  
Dark  R e g i o n  
Dark  Reg ion  
L i g h t  Band 
L i g h t  Band 
N - P o l a r  R e g i o n  
N-Po la r  R e g i o n  

N T r o p i c a l  
Dark Band 

8 . 2  0 . 1 0 2  
1 4 . 7  0 . 1 5 0  
1 5 . 9  0 . 1 7 6  
1 2 . 5  0 . 1 6 8  
1 7 . 9  0 . 1 9 8  
1 9 . 3  0 . 2 0 0  
1 7 . 9  0 . 1 9 6  

1 8 . 0  0 . 1 8 4  
1 6 . 4  0 . 1 8 3  
2 0 . 8  0 . 1 9 0  
1 7 . 1  0 . 1 8 5  
1 2 . 7  0 . 1 8 2  
1 6 . 1  0 . 1 7 1  
1 3 . 8  0 . 1 1 4 8  
1 2 . 6  0 . 1 4 2  
1 1 . 9  0 . 1 2 6  
1 1 . 2  0 . 1 2 0  
1 1 . 5  0 . 1 1 4  

J a n u a r y  1 6 - 1 7  UT 19h44m ( L I  = 31 .0° ,  L I I  = 1 7 7 . 0 ° )  

S - P o l a r  R e g i o n  
S - P o l a r  R e g i o n  

9 . 2  0 .090  
1 3 . 0  0 . 1 3 8  

1 3 5  



I 1  I 

C O N T I N U A T I O N  OF T A B L E  1 
~~~ 

No. C h a r a c t e r i s t i c s  of  D e t a i l s  

3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

12. 
13. 

14. 
15. 
16. 
17. 

18. 
19. 
20. 
21. 
22. 

1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 

10. 
11. 
12. 

13. 
14. 

L i g h  t Band 
L i g h t  Band 
L i g h t  Band 
Dark D e t a i l  i n  L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
Dark Band 
Dark Band 
Dark Band ( O v e r l a p p i n g  w i t h  
F o l l o w i n g  L i g h t  Band)  
L i g h t  Band 
L i g h t  Band ( O v e r l a p p i n g  w i t h  
F o l l o w i n g  Dark Band)  
Dark Band 
Dark Band 
Dark Band 
O v e r l a p p i n g  o f  Dark and  
F o l l o w i n g  L i g h t  Bands 
L i g h t  Band 
L i g h t  Band 
N - P o l a r  R e g i o n  
N - P o l a r  R e g i o n  
N-Po la r  R e g i o n  

1 
I 

- -  ~ 

I d e n t i f i c a t i o n  
w i t h  t t C o n s t a n t t t  
F o r m a t i o n s  

- 

S T r o p i c a l  
Dark Band 

E q u a t o r i a l  
L i g h t  Zone 

N T r o p i c a l  
Dark Band 

16.0 
14.2 
13.0 
17.8 
18.4 
17.4 
18.7 
17.5 
22.0 

20.2 
19.9 

20.8 
19.8 
18.7 
18.3 

16.6 
13.4 
15.4 
1-5. 0 
12.0 

J a n u a r y  24-25 UT 16h47m ( L I  = 1O5.2Oy L I I  ~ 2 3 9 . 0 ~ )  

Rb 

0.174 
0.166 
0.170 
0.181 
0.185 
0.180 
0.200 
0.194 
0.212 

0.204 
0.198 

0.204 
0.208 
0.184 
0.190 

0.168 
0.146 
0.150 
0.148 
0.115 

S - P o l a r  R e g i o n  
S - P o l a r  R e g i o n  
S - P o l a r  R e g i o n  
L i g h t  Band 
Dark Band ( O v e r l a p p i n g  w i t h  
P r e c e d i n g  L i g h t  Band)  
L i g h t  Band 
Dark Band 
L i g h t  Band 
L i g h t  Band ( O v e r l a p p i n g  Somewhat 
w i t h  F o l l o w i n g  Dark Band)  
Dark Band 
Dark  Band 
O v e r l a p p i n g  o f  Dark and  
F o l l o w i n g  L i g h t  Bands 
L i g h t  Band 
L i g h t  Band ( O v e r l a p p i n g  w i t h  
F o l l o w i n g  Dark Band)  

I 

8.1 0.116 
12.7 0.157 
15.5 0.186 
17.2 0.182 
22.4 0.204 

21.8 0.224 
26.7 0.248 
28.0 0.262 
23.4 0.248 

17.4 0.250 

Dark Band 20.8 0.193 
S T r o p i c a l  22.1 0.220 

18.5 0.196 E q u a t o r i a l  
L i g h t  Zone 19.8 0.206 

136 



C O N T I N U A T I O N  OF T A B L E  1 

N o .  C h a r a c t e r i s t i c s  o f  D e t a i l s  I d e n t i f i c a t i o n  Wb , I  Rb 
_ _  -- ___-. - - ~ 

w i t h  C o n s t a n t  If 
- - - -  _ _ -  - - _  F o r m a t i o n s  - 

15. 
16. 
17. 
18. 
19. 
20. 

21. 
22. 
23. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

9. 
10. 
11. 
12. 
13. 

14. 
15. 
16. 

Dark Band 
Dark Band 
Dark Band 
L i g h t  Band 
L i g h t  Band 
O v e r l a p p i n g  o f  L i g h t  and 
F o l l o w i n g  Dark Band 
Dark Band 
L i g h t  Band 
N - P o l a r  R e g i o n  

N T r o p i c a l  
Dark Band 

18.2 0.200 
21.9 0.207 
19.0 0.203 
16.3 0.187 
13.1 0.166 
14.1 0.162 

15.8 0.168 
11.5 0.149 
9.3 0.140 

J a n u a r y  24-25 UT 17h55m (LI  = 146.7, LII = 280.1O) 

S - P o l a r  R e g i o n  
S - P o l a r  R e g i o n  
O v e r l a p p i n g  o f  Dark a n d  L i g h t  Bands 
L i g h t  Band 
Dark D e t a i l  i n  L i g h t  Band 
S a m e  
L i g h t  Band 
O v e r l a p p i n g  o f  D a r k  a n d  F o l l o w i n g  L i g h t  
Bands 
L i g h t  Band 
Dark D e t a i l  S e e m s  t o  b e  H i n t e d  a t .  
L i g h t  Band 
L i g h t  Band 
O v e r l a p p i n g  o f  L i g h t  a n d  F o l l o w i n g  
Dark ( W i d e )  Band 
D a r k  Band 
Dark Band 
Dark Band 

N T r o p i c a l  
Dark Band I 

9.1 
11.8 
13.8 
15.8 
15.6 
18.4 
23.2 

20.4 
20.6 
19.5 
21.3 
17.1 
15.9 

17.5 
14.6 
15.2 

0.121 
0.126 
0.168 
0.172 
0.172 
0.179 
0.200 

0.203 
0.210 
0.186 
0.204 
0.182 
0,178 

0.190 
0.180 
0.180 

17. O v e r l a p p i n g  of Dark a n d  * 13.9 0,152 , F o l l o w i n g  L i g h t  Bands 
18. L i g h t  Band 15.0 0.168 
19. Dark Band 14.0 0.146 
2 0 .  L i g h t  Band 11.5 0.135 
21. N - P o l a r  R e g i o n  11.2 0.154 
22. N-Po la r  R e g i o n  12.9 0.144 

J a n u a r y  24-25 UT 19h06m (LI = 190.0°, LII = 322.7O) 

1. S - P o l a r  R e g i o n  
2. S - P o l a r  R e g i o n  
3. L i g h t  Band 
4. L i g h t  Band 

7.6 0,108 
12.8 0.142 
14.8 0.166 
16.9 0.176 

137 



C O N T I N U A T I O N  OF TABLE 1 

No. C h a r a c t e r i s t i c s  o f  D e t a i l s  I d e n t i f i c a t i o n  
_ _  

w i t h  " C o n s t a n t "  
F o r m a t i o n s  

-- - 

5. 
6 .  
7. 
8. 
9. 
10. 
11. 
12. 

13. 
14. 
15. 

16. 
17. 
18. 

19. 
20. 

21. 
22. 
23. 
24. 
25. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

12. 
13. 

14. 
15. 
16. 

Dark D e t a i l  i n  L i g h t  Band 
Dark Band 
Dark Band 
L i g h t  S h a r p  Band 
Dark Band 
Dark Band 
Dark Band 
Dark Band ( O v e r l a p p i n g  w i t h  
F o l l o w i n g  L i g h t  Band)  
L i g h t  Band 
L i g h t  Band 
O v e r l a p p i n g  o f  L i g h t  a n d  
F o l l o w i n g  Dark B a n d s )  
Dark Band 
Dark Band 
O v e r l a p p i n g  o f  Dark a n d  
P o l l o w i n g  L i g h t  Bands 
L i g h t  Band 
L i g h t  Band ( O v e r l a p p i n g  w i t h  
F o l l o w i n g  Dark Band)  
Dark Ban2 
Dark Band 
N - P o l a r  Reg ion  
N-Po la r  R e g i o n  
N-Po la r  Reg ion  

S T r o p i c a l  
Dark Band 

E q u a t o r i a l  
L i g h t  Band 

N T r o p i c a l  
Dark Band 

I 
I 

J a n u a r y  25-26 UT 19h14m (LI = 352.6, L I I  = 118.0°'1 

S - P o l a r  Reg ion  
S - P o l a r  Reg ion  
S - P o l a r  Reg ion  
L i g h t  Band 
L i g h t  Band 
Dark  D e t a i l  i n  L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
Dark Band 
Dark Band 
O v e r l a p p i n g  o f  Dark and  
F o l l o w i n g  L i g h t  Bands I 
L i g h t  Band 
L i g h t  Band ( O v e r l a p p i n g  w i t h  
F o l l o w i n g  Dark Band)  
Dark Band 
Dark Band 
Dark Band 

I 

20.9 
24.2 
28.7 
25.5 
26.6 
27.9 
27.9 

25,5 
27.0 
24.2 

17.0 
16.9 
17.9 

15.1 
14.8 

14.4 
14.7 
13.8 
11.3 
11.9 

S T r o p i c a l  
Dark Band 

7.8 
10.2 
11.0 
16.6 
16.4 
16.7 
17.9 
19.6 
19.8 
17.8 
16.8 

16.1 
19.0 E q u a t o r i a l  

L i g h t  Band 

17.4 
N T r o p i c a l  16.2 
Dark Band 17.4 

0.202 
0.236 
0;261 
0.256 
0.250 
0.274 
0.270 

0.236 
0.251 
0.224 

0.191 
0.190 
0.203 

0.188 
0.172 

0.171 
0.158 
0.174 
0.134 
0.144 

0.101 
0.133 
0.122 
0.146 
0.168 
0.174 
0.177 
0.192 
0.188 
0.180 
0.182 

0.178 
0.181 

0.197 
0.182 
0.180 
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CONTINUATION OF TABLE 1 

No. Characteristics of Details Identification wb ,i Rb 
with "Constant" 
Formations - . -  - . -  .- - - _ _ _  ~ 

17. Light Band 
18. Light Band 
i9. Dark Sharp Detail 
20. Light Band 
21. Light Band 
22. N-Polar Region 
23. N-Polar Region 

17.2 0.162 
13.6 0.168 
13.0 0.158 
12.8 0.150 
11.4 0.141 
12.5 0.160 
- - 

February 12-13 UT 16h38" (LI = 216.7O, LII =205.6O) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

8. 
9. 
10. 
11. 
12. 
13. 

14. 
15. 
16. 

17. 
18. 
19. 
20. 

21. 
22. 
23. 
24. 
25. 

S-Polar Region 
S-Polar Region 
Light Band 
Light Band 
Light Band 
Dark Band 
Light, Clearly Distinguishable 
Band 
Same 
Dark Band 
Dark Band (Center) 
Dark Band 
Light Band 
Light Band (Overlapping with 
Following Dark Band) 
Dark Band 
Dark Band 
Dark Band (Overlapping with 
Following Light Band) 
Light Band 
Dark Abrupt Band 
Light Band 
Overlapping of Preceding Band 
with Following Dark Band 
Dark Band 
Dark Band 
Light Detail in Polar Region 
N-Polar Region 
N-Polar Region 

I 
1 
i 

S Tropical 
Dark Band 

Equatorial 
Light Band 

18.9 0.193 
16.6 0.169 
18.8 0.212 
21.6 0.206 
24.2 0.241 
24.0 0.252 
24.6 0.245 

25.6 0.248 
24.4 0.245 
23.8 0.251 
23.7 0.248 
26.5 0,264 
25.0 0.255 

N Tropical 26.2 0.255 
Dark Band 25.8 0.254 

22.8 0.238 

23.1 0.226 
23.6 0.224 
22.0 0.218 
22.2 0.223 

21.6 0.218 
22.2 0.212 
19.4 0.205 
17.2 0.184 

February 12-13'UT 18h22m ( L I  = 280.2O, LII = 268.4O) 

1. S-Polar Region 
2. Light Band 
3. Light Band 

17.5 0.168 
14.8 0.160 
18.0 0.192 
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C O N T I N U A T I O N  OF T A B L E  1 

No. C h a r a c t e r i s t i c s  o f  D e t a i l s  I d e n t i f i c a t i o n  wb ,a  
w i t h  " Con s t a n  t 'I 
F o r m a t i o n s  - - _  

~ -- -. - 

4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 

12. 
13. 
14. 

15. 
16. 
17. 
18. 

19. 
20. 
21. 
22. 
23. 

1. 
2. 
3. 

4. 
5. 
6. 
7. 

8. 
9. 
10. 

11. 
12. 

13. 
14. 

Dark Band 
Dark Band 
L i g h t  Band 
L i g h t  Band ( C e n t e r )  
L i g h t  Band 
O v e r l a p p i n g  of L i g h t  a n d  
F o l l o w i n g  Dark Bands 
Dark Band 
Dark Band ( S l i g h t  O v e r l a p p i n g  
w i t h  F o l l o w i n g  L i g h t  Band)  
L i g h t  Band 
L i g h t  Band 
O v e r l a p p i n g  o f  L i g h t  
Band a n d  F o l l o w i n g  Dark Bands 
Dark Band 
L i g h t  Band 
L i g h t  Band 
O v e r l a p p i n g  of L i g h t  Band and  
Dark Reg ion  
Dark R e g i o n  
Dark R e g i o n  
N-Po la r  R e g i o n  
N-Po la r  R e g i o n  
N - P o l a r  R e g i o n  

I 
I 
\ 

16.6 
19.2 
19.9 
20.4 
20.3 
23.8 

22.0 
S T r o p i c a l  25.2 
Dark Band 
E q u a t o r i a l  24.8 
L i g h t  Band 24.0 

25.2 N T r o p i c a l  

21.2 Dark Band 

21.7 
20.0 
21.9 

22.4 
20.0 
17.2 
16.8 
- 

O c t o b e r  14-15 UT 20h45m ( L I  = 176.6O, LII = 109.5O) 

S - P o l a r  Reg ion  
Dark D e t a i l  
O v e r l a p p i n g  of  P r e c e d i n g  D e t a i l  
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
O v e r l a p p i n g  of  L i g h t  a n d  
L i g h t  Band 
Dark Band 
Dark Band 
Dark Band ( O v e r l a p p i n g  w i t h  
F o l l o w i n g  L i g h t  Band)  
L i g h t  Band 
S u p e r p o s i t i o n  o f  L i g h t  Band 
w i t h  F o l l o w i n g  Dark Band 
Dark Band 
Dark Band 

I 
I 

w i t h  

9.7 
10.9 
13.9 

13.7 
19.7 
22.2 
25.5 

23.8 
S T r o p i c a l  25.7 
Dark Band 31.9 

E q u a t o r i a l  28.5 
L i g h t  Band 27.2 

N T r o p i c a l  28.0 
Dark Band 28.0 

- -  

0.187 
0.200 
0.212 
0.203 
0.212 
0.239 

0.226 
0.218 

0.247 
0.236 
0.240 

0.221 
0.226 
0.223 
0.221 

0.222 
0.202 
0.171 
0.186 
- 

0.113 
0.128 
0.160 

0.188 
0.197 
0.216 
0.245 

0.230 
0.258 
0.290 

0.266 
0.270 

0.252 
0.246 
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C O N T I N U A T I O N  OF T A B L E  1 

No. C h a r a c t e r i s t i c s  o f  D e t a i l s  I d e n t i f i c a t i o n  Wbyi  Rb 
_ _  . _ -  

w i t h  '' C o n s t a n t  'I 
. -. F o r m a t i o n s  . _ _ _  - - 

1 5 .  
1 6 .  
1 7 .  
1 8 .  
1 9 .  
2 0 .  

2 1 .  
2 2 .  
2 3 .  
2 4 .  

1. 
2 .  
3 .  
4 .  

5 .  
6 .  
7 .  
8 .  
9 .  

1 0 .  
11. 
1 2 .  
1 3 .  
1 4 .  
1 5 .  
1 6 .  
1 7 .  
1 8 .  
1 9 .  
2 0 .  
2 1 .  
2 2 .  
2 3 .  
2 4 .  

L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
L i g h t  Band ( O v e r l a p p i n g  w i t h  
D a r k e r  R e g i o n s )  
D a r k  R e g i o n s  
D a r k  R e g i o n  
N - P o l a r  R e g i o n  
N - P o l a r  R e g i o n  

2 5 . 9  0 . 2 4 8  
2 3 . 6  0 . 1 9 0  
2 2 . 4  0 . 2 2 2  
2 1 . 1  0 . 2 0 0  
1 7 . 1  0 . 1 8 3  
1 6 . 2  0 . 1 7 1  

1 5 . 8  0 . 1 6 7  
1 3 . 6  0 . 1 4 8  

9 . 0  0 . 1 0 7  
7 . 5  0 . 1 0 3  

November 1 6 - 1 7  UT 0 0 h 2 0 "  ( L I  = 284.8O,  ,511 = 3 1 7 . 5 O )  

S - P o l a r  R e g i o n  
Dark Band 
D a r k  Band 
O v e r l a p p i n g  o f  Dark a n d  
F o l l o w i n g  L i g h t  Band 
L i g h t  Band 
D a r k  D e t a i l  
L i g h t  Band 
L i g h t  Band 
. l a r k  Band 

L i g h t  Band 
L i g h t  Band 
L i g h t  Band ( C e n t r a l  S e g m e n t )  
L i g h t  Band ( D a r k e r  S e g m e n t )  
L i g h t  Band 
D a r k  Band 
Dark Band 
D a r k  Band 
L i g h t  D e t a i l  i n  D a r k  Band 
L i g h t  Band 
D a r k  A b r u p t  Band 
L i g h t  Band 
D a r k  R e g i o n  
N - P o l a r  R e g i o n  
N - P o l a r  R e g i o n  

I 

1 7 . 6  
1 4 . 9  

2 0 . 1  
i 6 . 7  

1 8 . 7  
1 9 . 0  
2 0 . 7  
2 5 . 2  

S T r o p i c a l  2 3 . 3  
D a r k  Band 

2 0 . 0  
2 1 . 9  
2 2 . 6  
2 6 . 6  
2 4 . 5  

E q u a t o r i a l  
L i g h t  Band 

N T r o p i c a l  
D a r k  Band 

2 3 . 5  
2 0 . 1  
1 8 . 1  
1 7 . 0  
1 8 . 0  
1 4 . 4  
1 2 . 4  
1 4 . 8  
1 5 . 4  
1 5 . 9  

h November 1 6 - 1 7  UT 0 2  22m (LI  = 3 5 3 . 7 O Y  ,311 = 2 5 . 8 O )  

0 . 1 8 3  
0 . 1 8 0  
0 . 1 9 1  
0 . 2 0 1  

0 . 2 1 7  
0 . 2 1 0  
0 . 2 1 4  
0 . 2 4 4  
0 . 2 3 0  

0 . 2 2 3  
0 . 2 4 0  
0 . 2 3 7  
0 . 2 5 6  
0 . 2 4 2  
0 . 2 3 5  
0 . 2 1 6  
0 . 1 9 9  
0 . 1 9 5  
0 . 1 8 8  
0 . 1 6 0  
0 . 1 5 2  
0 . 1 6 4  
0 . 1 7 8  
0 . 1 7 8  

1. S - P o l a r  R e g i o n  
2 .  D a r k  R e g i o n  

1 9 . 6  0 . 2 0 7  
2 1 . 3  0 . 2 0 8  

1 4 1  



_ _  - 
C O N T I N U A T I O N  OF TABLE 1 

N o .  C h a r a c t e r i s t i c s  o f  D e t a i l s  I d e n t i f i c a t i o n  Wb,8 Rb 
- - _ _ _ _  

w i t h  “ C o n s t a n t ’ l  
F o p m a t i o n s  

- _ _ _ _  - . _- _ _  - 

3 .  
4. 
5. 
6 .  
7 .  
8 .  

9 .  
1 0 .  
11. 
1 2 .  
1 3 .  
1 4 .  
1 5 .  
1 6 .  
1 7 .  
1 8 .  
1 9 .  
2 0 .  
2 1 .  
2 2 .  
2 3 .  
2 4 .  

1. 
2 .  
2 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1 0 .  
11. 
1 2 .  
1 3 .  
1 4 .  
1 5 .  
1 6 .  
1 7 .  
1 8 .  
1 9 .  

L i g h t  Band 
L i g h t  Band 
D a r k e r  Band 
L i g h t  D e t a i l  
Same 
Dark Band 

L i g h t  Band 
L i g h t  Band 
D a r k e r  Segment  o f  L i g h t  
D a r k  Band 
L i g h  t Band 
L i g h t  Band 
D a r k e r  Segment  o f  L i g h t  
D a r k e r  R e g i o n  
D a r k e r  R e g i o n  
( u n d e r e x p o s u r e )  
- 

S T r o p i c a l  
Dark Band 

E q u a t o r i a l  
L i g h t  Band 

Band 

N T r o p i c a l  
Dark Band 

1 6 . 4  
1 7 . 8  
1 7 . 1  
1 3 . 9  
1 5 . 4  
1 6 . 6  

1 7 . 2  
1 7 . 1  
1 6 . 7  
1 6 . 9  
1 5 . 2  
1 5 . 2  
1 7 . 5  
1 9 . 5  
2 0 . 1  
- 

November 1 9 - 2 0  UT 1 9  h m  5 6  ( L I  = 232.3O,  LII = 2 4 3 . 7 O )  

S - P o l a r  Reg ion  
L i g h t  Reg ion  
L i g h t  R e g i o n  
D a r k  D e t a i l  o f  
Same 
L i g h t  R e g i o n  
L i g h t  R e g i o n  
L i g h t  Reg ion  
D a r k e r  Segment  
Same 
D a r k  Band 
Dark Band 
Dark Band 
Dark Band 
D a r k  Band 
D a r k  Band 
D a r k  Band 

L i g h t  Reg ion  

o f  L i g h t  Reg ion  

1 8 . 1  
1 3 . 4  
1 3 . 4  
1 3 . 2  
1 3 . 6  
1 5 . 1  
1 5 . 6  
1 3 . 9  
1 3 . 9  
1 3 . 9  
1 5 . 6  
1 5 . 7  
1 6 . 7  
2 3 . 3  
2 2 . 5  
1 8 . 9  
1 6 . 9  
- 
- 

0 . 1 7 8  
0 . 1 8 1  
0 . 1 8 1  
0 . 1 6 8  
0 . 1 8 9  
0 . 1 6 6  

0 . 1 7 4  
0 . 1 8 0  
0 . 1 8 0  
0 . 1 9 4  
0 . 1 8 4  
0 . 1 9 8  
0 . 1 9 8  
0 . 2 0 8  
0 . 2 0 0  - 

0 . 1 7 3  
0 . 1 6 8  
0 . 1 4 4  
0 . 1 6 6  
0 . 1 5 6  
0 . 1 7 7  
0 . 1 5 8  
0 . 1 5 8  
0 . 1 5 6  
0 . 1 5 6  
0 . 1 8 6  
0 . 1 8 4  
0 . 1 9 1  
0 . 2 3 8  
0 . 2 3 2  
0 . 2 1 8  
0 . 1 5 2  

1 4 2  



C O N T I N U A T I O N  OF T A B L E  1 

No. C h a r a c t e r i s t i c s  o f  D e t a i l s  I d e n t i f i c a t i o n  
- _ _  - -_ - - - - _  - _-_ 

wb,a R b  w i t h  * t C o n s t a n t "  
F o r m a t i o n s  

- .. - 

2 0 .  - - - 
2 1 .  - - - 
2 2 .  - - - 

1. 
2.  
3 .  
4 .  
5 .  

6 .  
7 .  
8 .  
9 .  
1 0 .  

11. 
1 2 .  

1 3 .  
1 4 .  
1 5 .  
1 6 .  
1 7 .  

1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  

1 0 .  
11. 
1 2 .  
1 3  

1 9 6 6  

March 2 2 - 2 3  UT 1 8  h O!jm ( L I  = 1 4 7 . 3 O ,  L I I  = 3 0 0 . 8 O )  

S - P o l a r  R e g i o n  
S - P o l a r  Reg ion  
L i g h t  Band 
L i g h t  Band 
S u p e r p o s i t i o n  o f  Dark a n d  L i g h t  
Bands 
L i g h t  Band 
L i g h t  Band 
Dark Band 
Dark Band 
S u p e r p o s i t i o n  o f  Dark a n d  
F o l l o w i n g  L i g h t  Bands 
L i g h t  Band 
L i g h t  Band ( S u p e r p o s i n g  w i t h  
F o l l o w i n g  Dark Band)  
Dark Band 
Dark Band 
L i g h t  Band 
Dark R e g i o n  
N-Polaz? Reg ion  

1 9 . 7  0 . 2 0 4  
1 8 . 8  0 . 2 0 5  
1 9 . 1  0 . 2 0 8  
1 7 . 2  0 . 2 0 2  
1 9 . 6  0 . 2 3 4  

2 1 . 6  0 . 2 1 8  
2 3 . 8  0 . 2 3 5  
2 3 . 4  0 . 2 2 9  
2 2 . 5  0 . 2 3 9  
2 2 . 8  0 . 2 4 4  

2 2 . 5  0 . 2 3 0  
2 3 . 6  0 . 2 3 6  

2 1 . 8  0 . 2 3 4  
2 2 . 8  0 . 2 2 4  
2 0 . 8  0 . 2 2 2  
1 7 . 8  0 . 2 1 7  
1 6 . 1  0 . 1 7 2  

March 2 2 - 2 3  UT 1 8 h 4 8 m  ( L I  = 1 7 3 . 5 O ,  L I I  = 3 2 6 . 8 ' )  

S - P o l a r  R e g i o n  
L i g h t  D e t a i l  
Dark  Band 
L i g h t e r  R e g i o n  
Dark  Band 
Dark Band 
L i g h t  Band 
L i g h t  Band 
Dark  Band ( O v e r l a p p i n g  w i t h  
P r e c e d i n g  L i g h t  Band)  
D a r k e s t  S i t e  o f  Dark  Band 
L i g h t  Band 
L i g h t  Band 
Dark  Band 

1 7 . 5  0 . 1 7 3  
1 8 . 4  0 . 1 8 8  
1 8 . 1  0 . 1 8 3  
1 6 . 0  0 . 1 8 6  
2 0 . 6  0 . 2 0 6  
2 1 . 1  0 . 2 0 2  
2 0 . 7  0 . 2 2 6  
2 0 . 6  0 0 . 2 0 8  
2 4 . 8  0 . 2 2 8  
2 2 . 1  0 . 2 3 4  

2 2 . 0  0 . 2 3 0  
2 2 . 8  0 . 2 2 4  
2 1 . 1  0 . 2 2 1  

1 4 3  



C O N T I N U A T I O N  OF T A B L E  1 

N o .  C h a r a c t e r i s t i c s  o f  D e t a i l s  I d e n t i f i c a t i o n  W b  ,a 
. .  - 

w it h If C o n  s t a n t  " 
F o r m a t i o n s  

__ . _ _  . - -  - 

14. 
15. 
16. 
17. 
18. 
19. 

1. 
2 .  
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 

1. 
2. 
3. 
4. 
5. 

6. 
7. 
8. 
9. 
10. 
11. 

144 

Dark Band 
Dark Band 
Dark Band 
L i g h t  Band 
N - P o l a r  R e g i o n  
N - P o l a r  R e g i o n  

h 
March 22-23 UT (19 54m (LI  = 213.7', L I I  = 6.7' 

S - P o l a r  R e g i o n  
S - P o l a r  R e g i o n  
Dark R e g i o n  
Dark Reg ion  
L i g h t  Band 
L i gh t Band 
L i g h t  Band 
L i g h t  Band 
Dark Band ( S l i g h t  O v e r l a p p i n g  
w i t h  P r e c e d i n g  L i g h t  Band) 
Dark Band 
O v e r l a p p i n g  o f  Dark a n d  L i g h t  
Bands 
L i g h t  Band 
O v e r l a p p i n g  o f  L i g h t  a n d  Dark Bands  
Dark Band 
L i g h t  Band 
Dark D e t a i l  
N - P o l a r  R e g i o n  
N - P o l a r  R e g i o n  

18.2 
21.8 
22.2 
23.3 
19.6 
17.8 

16.4 
17.8 
18.1 
18.5 
16.1 
17.6 
16.8 
19.4 
18.9 

19.8 
20.7 

18.9 
22.1 
21.3 
22.2 
21.1 
20.7 
15.5 

S - P o l a r  R e g i o n  
L i g h t  Band 
O v e r l a p p i n g  o f  L i g h t  a n d  Dark Bands  
L i g h t  S h a r p  Band 
Dark Band ( S l i g h t  O v e r l a p p i n g  w i t h  
P r e c e d i n g  L i g h t  Band)  
Dark Band 
L i g h t  Band 
L i g h t  Band 
Dark Band 
L i g h t  Band ( L i g h t e s t  o n  D i s k )  
Dark Reg ion  

12.3 
16.4 
14.4 
15.0 
15.1 

15.7 
17.9 
16.5 
17.4 
18.4 
21.6 

- - 

Rb 

0.204 
0.207 
0.231 
0.218 
0.210 
0.194 

0.160 
0.194 
0.186 
0.203 
0.176 
0.192 
0.175 
0.205 
0.200 

0.210 
0.222 

0.210 
0.238 
0.240 
0.206 
0.208 
0.204 
0.154 

0.118 
0.160 
0.175 
0.160 
0.163 

0.181 
0.183 
0.195 
0.190 
0.192 
0.222 

- ..... ... . . . 



C O N T I N U A T I O N  OF T A B L E  1 

No. C h a r a c t e r i s t i c s  of D e t a i l s  I d e n t i f i c a t i o n  Wb ,a Rb 
w i t h  " C o n s t a n t "  
F o r m a t i o n s  

12. Dark R e g i o n  
13. Dark  R e g i o n  
1 4 .  Dark R e g i o n  
1 5 .  L i g h t  Band 
16. L i g h t  Band 
17. P o l a r  R e g i o n  

20.6 0.212 
21.6 0.281 
19.1 0.204 
20.8 0.212 
20.1 0.182 
19.3 0.171 

h March 23-24 UT 17 24m (LI  = 280.1°, L I I  = 66.1O) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

8. 
9. 
10. 

11. 
12. 
13. 

14. 
15. 
16. 
17. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
1 3 .  

S - P o l a r  R e g i o n  
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
Dark  Band 
L i g h t e r  S i t e  i n  Dark Band 
O v e r l a p p i n g  o f  L i g h t  a n d  Dark 
Bands 
Dark  Band 
Dark  Band 
L i g h t  S h a r p  Band 

I 

I 
Dark  Band 
Dark Band 
O v e r l a p p i n g  of Dark  a n d  
F o l l o w i n g  L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
N - P o l a r  R e g i o n  
N - P o l a r  R e g i o n  

15.4 
14.3 
14.7 
14.0 
18.4 
16.8 
16.4 

S T r o p i c a l  19.2 
Dark Band 19.3 

L i g h t  Band 

N T r o p i c a l  
Dark Band 

E q u a t o r i a l  20.2 

21.5 
19.4 
17.8 

19.7 
19.0 
18.4 
18.8 

h March 23-24 UT 17 38m (LI = 288.6O, L I I  = 74.5O) 

S - P o l a r  R e g i o n  
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
Dark Band 
Dark Band 
Dark  Band 
Dark Band 
Dark Band ( D a r k e s t  o n  D i s k )  
L i g h t  Band 
L i g h t  Band 
Dark  S h a r p  Band 
L i g h t  Band ( O v e r l a p p i n g  w i t h  
P r e c e d i n g  Dark  Band)  

0.164 
0.176 
0.179 
0.162 
0.190 
0.180 
0.174 

0.196 
0.198 
0.229 

0.215 
0.207 
0.208 

0.217 
0.200 
0.202 
0.191 

18.4 0.172 
16.8 0.167 
18.4 0.188 
19.4 0.174 
16.2 0.188 
17.1 0.180 
16.2 0.175 
19.7 0.206 
18.7 0.204 
21.5 0.229 
20.9 0.212 
19.7 0.210 
20.4 0.222 
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C O N T I N U A T I O N  OF T A B L E  1 

N o .  C h a r a c t e r i s t i c s  o f  D e t a i l s  
. .  

1 4 .  Dark  Band 
1 5 .  L i g h t  Band 
1 6 .  L i g h t  Band 
1 7 .  N - P o l a r  R e g i o n  

1. 
2. 
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1 0 .  
11. 
1 2 .  
1 3 .  

1 4 .  

1 5 .  
1 6 .  
1 7 .  

1. 
2 .  
3 .  
4 .  
5 .  
6 .  

7 .  

8 .  
9 .  
1 0 .  

11. 
1 2 .  

- - . -  

I d e n t i f i c a t i o n  Wb , R  Rb 
w it h " C o n  s t a n t  
F o r m a t i o n s  

_ _  - 

2 1 . 6  0 . 2 1 7  
1 8 . 2  0 . 2 0 7  
2 0 . 1  0 . 2 0 2  
2 0 . 0  0 . 2 0 4  

S - P o l a r  R e g i o n  
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
Dark Band 
L i g h t  Band 
D a r k  Band 
Dark Band 
L i g h t  Band 
L i g h t  Band 
L i g h  t Band 
O v e r l a p p i n g  o f  L i g h t  and  
D a r k  Bands  
O v e r l a p p i n g  o f  D a r k  and  
F o l l o w i n g  L i g h t  Bands  
L i g h t  Band 
L i g h t  Band 
N - P o l a r  R e g i o n  

1 2 . 0  0 . 1 3 2  
1 7 . 1  0 . 1 7 0  
1 8 . 5  0 . 1 8 2  
1 4 . 4  0 . 1 5 6  
1 4 . 7  0 . 1 6 8  
1 5 . 4  0 . 1 6 3  
1 7 . 0  0 . 1 7 4  
1 7 . 3  0 . 1 6 5  
1 6 . 8  0 . 1 7 7  
1 8 . 5  0 . 1 9 8  
1 9 . 2  0 . 2 0 6  
1 9 . 4  0 . 2 1 0  
2 2 . 6  0 . 2 2 9  

2 0 . 2  0 . 1 9 4  

1 9 . 4  0 . 1 9 6  
1 7 . 8  0 . 2 0 0  
2 0 . 3  0 . 2 1 2  

h March 2 3 - 2 4  UT 1 7  5 8 m  ( L I  = 300.8 ' ,  L I I  = 8 6 . 6 ' )  

S - P o l a r  R e g i o n  
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
D a r k  Band 
Dark Band ( O v e r l a p p i n g  w i t h  
L i g h t  D e t a i l  ) 
O v e r l a p p i n g  of  L i g h t  D e t a i l  
a n d  F o l l o w i n g  D a r k  Band 
Dark Band 
L i g h t  A b r u p t  Band 
O v e r l a p p i n g  o f  D a r k  a n d  
L i g h  t Ban d s  
L i g h t  Band 
L i g h t  Band ( D a r k e r  S i t e )  

1 6 . 9  
1 7 . 2  
1 5 . 8  
1 5 . 6  
1 8 . 0  
1 7 . 3  

1 6 . 0  

1 8 . 0  
1 5 . 6  
1 8 . 0  

2 0 . 0  
2 0 . 9  

0 . 1 7 8  
0 . 1 7 8  
0 . 1 7 8  
0 . 1 7 6  
0 . 1 8 4  
0 . 1 7 7  

0 . 1 6 7  

0 . 1 9 2  
0 . 1 6 7  
0 . 1 9 2  

0 . 2 0 4  
0 . 2 0 4  

1 4 6  

- . .. .. .... ._. .... , _. . ..., 



C O N T I N U A T I O N  OF T A B L E  1 

No. C h a r a c t e r i s t i c s  o f  D e t a i l s  I d e n t i f i c a t i o n  W b  ,a 
. _  

w i t  h 'IC on s t a n t  
F o r m a t i o n s  

1 3 .  Dark Band ( D a r k e s t  on  D i s k )  
'14.  L i g h t  Band 
1 5 .  D a r k  Reg ion  
1 6 .  N-Po la r  R e g i o n  
1 7 .  N - P o l a r  R e g i o n  

1 9 . 8  
1 8 . 2  
1 8 . 3  
1 8 . 8  
1 5 . 7  

1. 
2 .  
3 .  
4 .  
5 .  
6 .  

7 .  
8 .  

9 .  
1 0 .  
11. 
1 2 .  
1 3 .  
1 4 .  
1 5 .  
1 6 .  

1. 
2.  
3 .  
4 .  
5 .  
6 .  
7 .  
8 .  
9 .  
1 0 .  
11. 
1 2 .  
1 3 .  
1 4 .  
1 5 .  

h m  March 27-28 UT 1 8  1 5  ( L I  = 222 .0° ,  L I I  = 337.2O) 

S - P o l a r  R e g i o n  
L i g h t  Reg ion  
Dark D e t a i l  i n  L i g h t  Reg ion  
L i g h t  Reg ion  
L i g h t  R e g i o n  
O v e r l a p p i n g  o f  L i g h t  Reg ion  
and  F o l l o w i n g  D a r k  Band 
Dark Band 
D a r k e r  Band ( O v e r l a p p i n g  w i t h  
F o l l o w i n g  L i g h t  Band)  
L i g h t  S h a r p  Band 
Same 
S a m e  
Same 
Same 
D a r k  R e g i o n  
Dark R e g i o n  
N-Po la r  R e g i o n  

1 6 . 2  
1 9 . 9  
1 3 . 6  
1 4 . 7  
1 4 . 6  
1 5 . 2  

1 5 . 5  
1 5 . 9  

1 4 . 9  
1 6 . 0  
1 7 . 4  
1 3 . 8  
2 0 . 5  
21 .2  
1 6 . 5  
1 3 . 2  

March 27-28  UT 19h27m (LI  = 265.8O,  L I I  = 20.7O) 

S - P o l a r  R e g i o n  
Dark R e g i o n  
L i g h  t Band 
Dark Band 
L i g h t  Band 
D a r k e r  Band 
L i g h t  D e t a i l  
Dark S h a r p  Band 
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
Dark S h a r p  D e t a i l  
Same 
L i g h t  Band 

1 9 . 4  
1 4 . 4  
1 6 . 5  
1 7 . 1  
1 8 . 6  
1 9 . 2  
21 .3  
1 9 . 4  
20.8 
1 9 . 7  
1 9 . 9  
2 0 . 5  
1 8  cl 
1 8 . 9  
1 3 . 8  

0 . 1 8 8  
0 .194  
0 .204  
0 . 1 7 8  
0 .148  

0 .168  
0 .209  
0 . 1 7 1  
0 .179  
0 . 1 8 6  
0 .180  

0 . 1 8 2  
0 . 1 7 2  

0 .178  
0 . 1 8 0  
0 . 1 7 6  
0 . 1 5 0  
0 . 2 2 2  
0 . 2 4 8  
0 . 2 0 6  
0 . 1 3 8  

0 . 2 0 7  
0 .156  
0 . 1 8 4  
0 . 2 1 1  
0 . 2 1 2  
0 . 2 1 2  
0 . 2 3 6  
0 .216  
0 . 2 3 2  
0 .217  
0 .220  
0 . 2 1 4  
0 .198  
0 .199  
0 . 1 7 0  

1 4 7  



C O N T I N U A T I O N  OF T A B L E  1 

No. C h a r a c t e r i s t i c s  o f  D e t a i l s  I d e n t i f i c a t i o n  Wb ,a 
w i t h  I f C  o n s t an  t f 1  

F o r m a t i o n s  

1 6 .  Dark  R e g i o n  
1 7 .  N - P o l a r  R e g i o n  

1 6 . 2  
1 6 . 2  

1. 
2.  
3 .  
4 .  
5 .  
6 .  
7 .  

8 .  
9 .  
1 0 .  
11. 
1 2 .  

1 3 .  
1 4 .  
1 5 .  

1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  

8 .  
9 .  
1 0 .  
11. 
1 2 .  
1 3 .  
1 4 .  
1 5 .  

h m  A u g u s t  3 0 - 3 1  UT 0 2  1 4  ( L I  = 2 7 2 . 6 O Y  L I I  = 113.1O) 

S - P o l a r  R e g i o n  
Dark R e g i o n  
Dark R e g i o n  
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
O v e r l a p p i n g  o f  L i g h t  a n d  
F o l l o w i n g  Dark  Bands 
Dark  Band 
Dark Band 
D a r k  Band 
L i g h t  Band 
O v e r l a p p i n g  o f  L i g h t  Band 
a n d  D a r k e r  R e g i o n  
Dark R e g i o n  
N-Po la r  R e g i o n  
N - P o l a r  R e g i o n  

1 9 . 5  
2 0 . 5  
1 7 . 0  
1 8 . 9  
1 8 . 2  
2 0 . 0  
1 5 . 8  

1 8 . 3  
2 0 . 8  
1 7 . 2  
1 8 . 0  
1 5 . 4  

1 8 . 3  
1 7 . 1  
1 6 . 2  

h m  A u g u s t  3 0 - 3 1  UT 0 2  3 1  ( L I  = 2 8 3 . O o Y  L I I  = 1 0 2 . 8 ' )  

S - P o l a r  R e g i o n  
L i g h t  Band 
Dark R e g i o n  
L i g h t  Band 
L i g h t  Band 
L i g h t  Band 
O v e r l a p p i n g  o f  L i g h t  a n d  
F o l l o w i n g  Dark  Bands 
Dark Band 
Dark Band 
Dark S h a r p  D e t a i l  
L i g h t  Band 
L i g h t  Band 
Dark Band 
Dark Band 
N - P o l a r  R e g i o n  

1 6 . 2  
1 5 . 6  
1 6 . 3  
1 4 . 3  
1 5 . 5  
1 6 . 9  
1 6 . 4  

1 8 . 4  
1 5 . 2  
1 7 . 8  
1 8 . 3  
1 7 . 0  
1 8 . 9  
2 0 . 8  
1 3 . 1  

0 . 2 0 2  
0 . 1 9 4  

0 . 1 9 5  
0 . 1 8 5  
0 . 1 8 5  
0 . 1 9 5  
0 . 1 8 5  
0 . 1 8 6  
0 . 1 9 2  

0 . 1 9 1  
0 . 1 8 5  
0 . 1 7 5  
0 . 2 0 2  
0 . 1 8 5  

0 . 2 0 5  
0 . 1 8 2  
0 . 2 0 2  

0 . 1 8 5  
0 . 1 7 5  
0 . 1 8 2  
0 . 1 7 1  
0 . 1 8 0  
0 . 1 8 5  
0 . 1 9 2  

0 . 1 9 5  
0 . 1 8 5  
0 . 2 0 5  
0 . 2 1 0  
0 . 2 0 2  
0 . 2 0 5  
0 . 2 1 5  
0 . 1 6 0  
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TABLE 2 .  D I S T R I B U T I O N  OF METHANE A B S O R P T I O N  I N  THE 6 1 9 0  8 BAND 
ALONG T E E  EQUATOR . .  

IY 0 . 

.. 

1 
2 
:i 
. I  
5 
6 
7 
8 
9 

10 
11 
12 
1 3 
1 1  
15 
1 fi 
17 
I S  
19 
2 0 
21 
22 
23 
24 
25 
26 
27 
28 
29 

21 .?  
7 '  I 
1 ' 1  I 

21.2 
"(1.8 
21 .n 
25.2 
21 .0  
19.8 
23.3 
2.5.7 
23. !i 
2 I :I 
2T.:I 
22.2 
29:l 
23.7 
25.1 
26.0 
24.2 

21.4 
21.3 
22.9 
20.3 

23.6 
19.9 

25.8 

23.8 

- 
- 

I )  I,'-, 

(I. i IO 

0. I?!) 
0 . 1.715 
0.111~1 
0 .  I rj.5 
0 . 17 5 
0 . 1 (i0 
0.170 
0. IS5 
0 ,  I ::I) 
I ) .  IC'! 
(I. 1 SO 
0 .  I!;.; 
0 . 1% 
O.I!lO 
0.200 
O.l!JO 
0.195 
0.190 
0.170 

I C '  I 

i I ' 1  

1 1  ' 1  

;!I I 
I l l . ? ,  

i ! I .O 
18:; 
21 .:i 
" 1 ,  :. 
21). ! 
22.0 
2 i  .!i 
2.'1.0 
2:<. I 
" 2 .  . I  
20. *I 
1 !I .5 
17.11 
21 :1 
18.0 
I H,I 3 

15.2 
14.1 
15.1 

18.4 

1:' ll 

i .  i 

I 1  I I  

I I . I ,  

]:<:I 
17 .8  
1 4 . 7  
17.2 
111. I 
I ' IA 
: ! ) .  I 
i ! ) . [ i  
L'II.Il 

1 r . S  

] ! I . : ;  

I ! ) .  I 
19 .2  
17.2 
19.6 
17.7 
17.5 
19.1 
17.6 

'19.7 
- 

1 4 9  



CONTINUATION OF TABLE 2 - 

No. (.Sea. 27/28!Jan. 2W25ban25J26beb.12/13!Nov.16/17 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I 1  
12 
13 
1 1  
1 5 
1 (i 

17 
1 %  
19 
20 
21 
22 
23 
2 4 
25 

- 
14.1 
17.6 
18.2 
18.1 

18.3 
19.4 
22.6 
19.3 
19.6 
20.8 
20.4 
19.7 
19.2 
li.O 
19.0 
18.6 
15.7 
15.7 
i5.5 
17.5 
22.1 

c 

0 .  1.13 

0 .  I '57 
0.171 
0.  I 80 
0.198 
0. 206 
0.220 
0.20'1 
0.223 
0.?15 

0.214 
0.209 
O . l O ( i  
0 .  19.1 

0.1% 
0.187 
0 .  174 
0.182 
0.164 
0.188 
0.222 

8.3 
10.7 
11.4 
14.0 
15.4 
17.7 
17.7 
If,:l 
16.6. 
1!).7 
14.8 
17.1 
15.1 
13.4 
14.5 
11.9 
10.0 

10.8 
9.8 
9.5 
9.5 

0.114 
0 .  11.1 
0 .  I 'X i  

0.1:,2 

0.15!) 
0.176 
0.170 
0.171 
0.17.1 
0.176 
O . I ( i l  
0.196 
0.li2 
0 .  156 
0. 16.1 
0.14 1 
0 .  134 

0,118 
0.136 
0.120 
0.104 

_ _  
9.7 O.I?h 
10.7 ( I .  i?:' 

12..2 0 .  1::i 

12.7 0. Lli i  
1G.5 0.161 
17.5 0.174 
18.6 0.11~11 
20.9 0.190 
20.2 0.201 
20.3 0.1!% 
21.0 0.198 
20.4 0.100 
18.2 O . l h i i  

19.0 0.167 
18.9 0.191 
18.5 0.178 
15.7 0,166 
15.8 0.15s 
17.0 0.176 
15.6 0.15(i 
11.2 0.137 
16.2 0.175 
17.2 0.15.1 
13.2 0.126 

1 '3 .1 
l G . 4  
I S , ?  

I *' . <-I 

20.3 
22.3 
21 :1 
22.2 
22.G 
L'i .G 
21 . G  
19.9 
21.2 
18.8 
17.2 
17.5 
20.6 
25.0 

0.160 
( l . l ~ : l  
1) 1 ' 1 1  

0 . _ I (  11 1 

0. 20!) 
0.218 
0.208 
.0.214 
0.222 
0.210 
0.215 
0.206 
0.202 
O.l!!G 
0 .1  f6 
0.205 
0.200 
0 1257 

- 
- 

!T :'. 

1 1 , .  i 

19.9 
20. ,I 
I 8  . .1 
22.0 

22.9 
22.8 
22.2 
2.2.0 
10.6 
19.8 
17.2 
1g.0 

17.9 
17.6 
1g.3 

1.1 .G 
15.9 
17.6 
19.2 

- 
- 

f' ; s. i, 
( I .  " . ' \  

0 . 1 ' 1 1  

0.136 

0.208 
,o. 2 I 9 
0 .  ?.'ti 

0.216 
0.223 
0.223 
0 . 2 ;  0 
0.2Iih 
0.1 hfi 

0.1N9 
0.182 
0.178 
0.18.i 
0.1 i4 
0.193 
0.20-4 
0.216 
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- C O N T I N U A T I O N  . . . . . . OF TABLE 2 

1 
2 3 

~- 

No. IM ar. 27 / 2 8, A u g 3 0 / 3 1 

i 0 
II 
I% 
I.! 
I 1  
1 .-, 
I6 
17 
18 

N o t e :  The f i r s t  p o i n t  o f  e a c h  s p e c t r o g r a m  c o r r e s p o n d s  t o  the 
w e s t e r n  l i m b  o f  t h e  p l a n e t .  

T A B L E  3 .  VALUES OF Wb A N D  Rb F O R  T H E  6190 C H I +  B A N D  FOR T H E  S O U T H  
A N D  N O R T H  P O L A R  REGIONS, T H E  WEST A N D  EAST LIMBS OF JUPITER 

- 

D a t e  

N O V .  1 6 - 1 7 ,  1 9 6 5  
N-Po la r  R e g i o n  

Mar. 2 2 - 2 3 ,  1 9 6 6  
N - P o l a r  Reg ion  
S - P o l a r  R e g i o n  

W e s t e r n  Limb 
E a s t e r n  Limb 
Mar. 2 7 - 2 8 ,  1 9 6 6  
N-Po la r  R e g i o n  
S - P o l a r  R e g i o n  

~ -- 
T i m e  

O b s e r -  
tvat ion 

L o n g i t u d e  of 
C e n t r a l  

N - e r  id> a n  2 ~ .-- .~ 

l h 4 5 m  1 9 . 8  0 . 1 8 6  - -  3 . 5 0  

_ _  22.4O 
_ _  51.7O 

h m  
m 
m 

2Oh2O 1 2 . 9  0 . 1 5 1  
21h09 i 5 . 8  0.174 
1 8 h 2 6  1 6 . 3  0 . 1 6 4  160 .1 '  -- 
1 9  O g m  1 8 . 2  0 . 1 8 4  186.3O - -  

_ _  354.7O 18h44" 1 2 . 3  0 . 1 5 5  
2 0  0 0  1 6 . 9  0 . 1 8 8  _ _  40.7O 

h 

1 5 1  

b 





D I S T R I B U T I O N  OF M E T H A N E  A B S O R P T I O N  I N  T H E  6 1 9 0  1 BAND 
OVER T H E  D I S K  O F  S A T U R N  I N  1 9 6 6  

V . V .  A v r a m c h u k  

ABSTRACT:  Some r e s u l t s  are g i v e n  of an a n a l y s i s  
o f  f i v e  spec t rograms  of S a t u r n  o b t a i n e d  w i t h  
t h e  a i d  of a 7 0 - e m  r e f Z e c t o r  a t t a c h e d  t o  a d i f -  
f r a c t i o n  s p e c t r o g r a p h  ( d i s p e r s i o n  of 30  8/mml 
i n  Augus t  of 2 9 6 6 .  I t  i s  shown t h a t ,  d u r i n g  
t h e  p e r i o d  of o b s e r v a t i o n s ,  t h e  a b s o r p t i o n  i n  
t h e  6 1 9 0  2 methane band was s t a b l e  a t  t h e  c e n t e r  
of t h e  S a t u r n  d i s k ,  and equa l  t o  2 5 - 2 7  3 .  A t  
t h e  same t i m e ,  t h e  p o l a r  r e g i o n s  showed sub-  
s t a n t i a Z  v a r i a t i o n s .  During t h e  o b s e r v a t i o n  
p e r i o d ,  t h e  e q u i v a Z e n t  w i d t h  f o r  t h e  61190 2 
band decreased  f r o m  3 2 - 3 3  t o  2 5 - 2 6  8 .  

A number o f  p a s s a g e s  o f  t h e  E a r t h  a n d  Sun t h r o u g h  t h e  p l a n e  
o f  t h e  r i n g s  o f  S a t u r n  were  o b s e r v e d  i n  1 9 6 6 .  The p e r i o d s  of  
t h e s e  p a s s a g e s ,  as  w e l l  a s  t h e  p e r i o d s  of v i s i b i l i t y  o f  t h e  " n i g h t "  
s i d e  of t h e  r i n g s ,  a r e  v e r y  s u i t a b l e  for s t u d y i n g  t h e  d i s k  o f  
S a t u r n .  For t h i s ,  we o b t a i n  t h e  number o f  s p e c t r o g r a m s  o f  S a t u r n  
w i t h  o r i e n t a t i o n  of t h e  s p e c t r o g r a p h  s l i t  a l o n g  t h e  c e n t r a l  m e r i -  
d i a n  and  a l o n g  t h e  e q u a t o r  of  t h e  p l a n e t .  

The o b s e r v a t i o n s  were  c a r r i e d  o u t  on a 7 0 - c e n t i m e t e r  r e f l e c t o r  
i n  a C a s s e g r a i n i a n  f o c u s  ( F e f f  = 3 0  m )  w i t h  t h e  a i d  o f  t h e  d i f f r a c -  
t i o n  s p e c t r o g r a p h  ASP-21 ( d i s p e r s i o n  o f  3 0  8 / m m > .  The s p e c t r a l  
w i d t h  o f  t h e  s l i t s  w a s  4 8 .  Kodak O a F  p l a t e s  were  u s e d .  The 
e x p o s u r e s  were  1 0 0 - 1 2 0  min .  The method o f  a n a l y z i n g  t h e  S a t u r n  
s p e c t r o g r a m s  w a s  t h e  same as  for t h e  a n a l y s i s  of  t h e  J u p i t e r  s p e c -  
t r o g r a m s  C11. 

T h i s  s t u d y  c o n t a i n s  t h e  r e s u l t s  o f  a n  a n a l y s i s  o f  5 S a t u r n  
s p e c t r o g r a m s  o b t a i n e d  i n  Augus t  o f  1 9 6 6  w i t h  o r i e n t a t i o n  o f  t h e  
s p e c t r o g r a p h  s l i t  a l o n g  t h e  c e n t r a l  m e r i d i a n .  

We w i l l  g i v a  a b r i e f  d e s c r i p t i o n  o f  t h e  r e s u l t s  o b t a i n e d .  
The f i g u r e  ( a )  g i v e s  t h e  d i s t r i b u t i o n  o f  m e t h a n e  a b s o r p t i o n  i n  
t h e  6 1 9 0  8 band  f o r  J u l y  31-Augus t  1, 1 9 6 6 .  I t  i s  c l e a r l y  s e e n  
t h a t  t h e  c e n t r a l  p a r t  os  t h e  S a t u r n  d i s k  i s  c h a r a c t e r i z e d  by  l e s s  
a b s o r p t i o n  t h a n  a r e  t h e  m i d d l e  and  p o l a r  l a t i t u d e s .  The v a l u e  
o f  t h e  a b s o r p t i o n  f o r  t h e  S - p o l a r  r e g i o n  i s  somewhat  h i g h e r  t h a n  
f o r  t h e  N - p o l a r  r e g i o n .  D u r i n g  t h i s  p e r i o d ,  we o b s e r v e d  i n  t h e  
s o u t h e r n  p a r t  o f  t h e  d i s k  a l i g h t  f o r m a t i o n  wh ich  showed g r e a t e r  
a b s o r p t i o n  t h a n  d i d  t h e  n e i g h b o r i n g  s e g m e n t s .  
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The cu rves  for m e t h a n e  a b s o r p t i o n  on  A u g u s t  1 - 2  r e p e a t  t h e  
c i t e d  c h a r a c t e r i s t i c s  a l m o s t  c o m p l e t e l y .  

A somewhat  d i f f e r e n t  n a t u r e  for t h e  m e t h a n e  a b s o r p t i o n  a l o n g  
t h e  c e n t r a l  m e r i d i a n  w a s  o b s e r v e d  on A u g u s t  5 - 6 .  D u r i n g  t h i s  
p e r i o d ,  t h e  v a l u e s  for t h e  e q u i v a l e n t  w i d t h s  wb o f  t h e  6 1 9 0  8 
b a n d  for t h e  p o l a r  r e g i o n s  were  t h e  same a s  for t h e  c e n t e r  o f  
t h e  d i s k .  The l i g h t  f o r m a t i o n  i n  t h e  s o u t h e r n  p a r t  of t h e  
S a t u r n  d i s k  shows t h e  g r e a t e s t  a b s o r p t i o n .  

F i g .  D i s t r i b u t i o n  of  Methane  A b s o r p t i o n  Along  t h e  C e n t r a l  Mer i -  
d i a n .  ( a )  J u l y  31-Aug. 1, UT 02h35m;  ( b )  Aug. 1 - 2 ,  UT 00h45m;  
( c )  Aug. 5-6., UT O O h O O m ;  ( d )  Aug. 3 0 - 3 1 ,  UT 23h00m; ( 0 )  L i g h t  
Format  i o n .  
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Two s p e c t r o g r a m s  o f  S a t u r n  were o b t a i n e d  on Augus t  30-31. 
The r e s u l t s ,  a v e r a g e d  o v e r  t h e s e  s p e c t r o g r a m s ,  a r e  g i v e n  i n  t h e  
f i g u r e  ( d ) .  The d i s t r i b u t i o n  o f  me thane  a b s o r p t i o n  i s  more complex  
f o r  t h i s  p e r i o d  t h a n  for t h e  o t h e r  p e r i o d s .  A s  on Augus t  5 - 6 ,  
t h e  l i g h t  f o r m a t i o n  shows t h e  g r e a t e s t  a b s o r p t i o n  on  t h e  d i s k .  

The f o l l o w i n g  c o n c l u s i o n s  c a n  b e  drawn on  t h e  b a s i s  o f  t h e  
r e s u l t s  o b t a i n e d .  

D u r i n g  t h e  e n t i r e  o b s e r v a t i o n  p e r i o d ,  t h e  i n t e n s i t y  o f  m e t h a n e  
a b s o r p t i o n  r e m a i n e d  a l m o s t  u n c h a n g e d  a t  t h e  c e n t e r  o f  t h e  d i s k ,  
a n d  w a s  e q u a l  t o  25-27 8; t h e  p o l a r  r e g i o n s  shgwed s u b s t a n t i a l  
v a r i a t i o n s .  The e q u i v a l e n t  w i d t h  o f  t h e  6190 A b a n d  f o r  t h e s e  
r e g i o n s  d e c r e a s e d  f r o m  32-33 t o  25-26 8 d u r i n g  t h e  o b s e r v a t i o n  
p e r i o d .  A l t h o u g h  a s m a l l  number  a €  s p e c t r o g r a m s  w a s  m e a s u r e d ,  
t h e s e  v a r i a t i o n s  a r e  p r o b a b l e ,  s i n c e  t h e y  f o l l o w  f r o m  t h e  g e n e r a l  
n a t u r e  of  t h e  a b s o r p t i o n  d i s t r i b u t i o n  o v e r  t h e  c e n t r a l  m e r i d i a n .  

One o f  t h e  p o s s i b l e  r e a s o n s  f o r  t h e  v a r i a t i o n s  i n  i n t e n s i t y  
of  m o l e c u l a r  a b s o r p t i o n  i n  t h e  p o l a r  r e g i o n s  of S a t u r n  may b e  a 
c h a n g e  i n  e x t e n t  o f  t h e  p o l a r  r l c a p l l ,  a s  a r e s u l t  of wh ich  t h e  
l i n e a r  t h i c k n e s s  of  t h e  a t m o s p h e r e  o v e r  t h e  c l o u d s  c h a n g e s .  

A S  w a s  a l r e a d y  m e n t i o n e d ,  a l i g h t  f o r m a t i o n  w a s  o b s e r v e d  
d u r i n g  t h e  e n t i r e  o b s e r v a t i o n  p e r i o d  i n  t h e  s o u t h e r n  p a r t  o f  
t h e  S a t u r n  d i s k ,  and  i t  w a s  c h a r a c t e r i z e d  b y  g r e a t e r  a b s o r p t i o n  
t h a n  were  t h e  n e i g h b o r i n g  d a r k  s e c t i o n s .  T h i s  c i r c u m s t a n c e  c a n  
b e  e x p l a i n e d  by  a s s u m i n g  t h a t  t h e  l i g h t  f o r m a t i o n  w a s  s i t u a t e d  
a t  a l o w e r  l e v e l  t h a n  were  t h e  n e i g h b o r i n g  r e g i o n s .  T h i s  con-  
c l u s i o n  a g r e e s  w i t h  t h e  r e s u l t s  o f  many y e a r s  o f  p h o t o m e t r i c  i n -  
v e s t i g a t i o n s  o f  S a t u r n  c a r r i e d  o u t  a t  t h e  K h a r ' k o v  A s t r o n o m i c a l  
O b s e r v a t o r y  [ 2 ] ,  a c c o r d i n g  t o  wh ich  t h e  l i g h t  r e g i o n s  a r e  somewhat 
l o w e r  t h a n  t h e  d a r k  b a n d s .  
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T H E  P R O B L E M  O F  D I F F U S E  R E F L E C T I O N  OF 
M O N O C H R O M A T I C  R A D I A T I O N  

E.G. Y a n o v i t s k i y  

ABSTRACT:  The probZem o f  t h e  d i f f u s e  r e f Z e c t i o n  
of monochromatic r a d i a t i o n  by a s e m i - i n f i n i t e  
pZane Zayer o f  a medium, w i t h  i s o t r o p i c  s c a t t e r -  
i n g ,  i s  dCscussed.  A r e c u r r e n c e  formuZa i s  
o b t a i n e d  i n  o r d e r  t o  caZcuZate t h e  t e r m s  i n  t h e  
expans ion  o f  t h e  Ambartsumyan f u n c t i o n  0 ( 0 ,  X) 
f o r  powers o f  z = d m ,  where X i s  t h e  aZbedo 
of t h e  p a r t i c Z e s  f o r  s i n g Z e  s c a t t e r i n g ,  4 ( n ,  2 )  
i s  assumed t o  be known, The c a s e  o f  t h e  s i m p z e s t  
nonsphericaZ i n d i c a t r i x  of s c a t t e r i n g  i s  d i s -  
c u s s e d .  

I n  i n v e s t i g a t i n g  t h e  d i f f u s i o n  of  r a d i a t i o n ,  i t  i s  o f  p a r t i -  
c u l a r  i n t e r e s t  t o  s t u d y  t h e  c a s e  o f  a l m o s t  p u r e  s c a t t e r i n g ,  ? . e . ,  
t h e  c a s e  when,  a f t e r  e a c h  a c t  o f  quantum a b s o r p t i o n ,  i t s  r e -  
e m l s s i o n  i n  t h e  medium a l m o s t  a l w a y s  f o l l o w s .  T h i s  i n t e r e s t  i s  
d u e ,  f i r s t  o f  a l l ,  t o  t h e  f a c t  t h a t  t h i s  c a s e  i s  r e a l i z e d  r a t h e r  
f r e q u e n t l y  d u r i n g  t h e  t r a n s f e r  of r a d i a t i o n  i n  t u r b i d  med ia  ( f o r  
e x a m p l e ,  i n  t h e  v i s i b l e  p a r t  o f  t h e  c o n t i n u o u s  s p e c t r u m ,  t h e  
a t m o s p h e r e s  o f  Venus and  t h e  g i a n t  p l a n e t s  c a n  b e  c o n s i d e r e d  a s  
a l m o s t  p u r e l y  s c a t t e r i n g ) ,  a n d ,  s e c o n d l y ,  a n  e x a m i n a t i o n  o f  a l m o s t  
p u r e  s c a t t e r i n g  c a n  b e  r e d u c e d ,  f r o m  t h e  m a t h e m a t i c a l  p o i n t  o f  
v i e w  t o  a s t u d y  o f  t h e  p u r e  s c a t t e r i n g  o f  l i g h t ,  wh ich  g r e a t l y  
s i m p l i f i e s  t h e  p r o b l e m .  

A c a l c u l a t i o n  of t h e  i n t e n s i t y  o f  d i f f u s e l y  r e f l e c t e d  mono- 
c h r o m a t i c  r a d i a t i o n  b y  a s e m i - i n f i n i t e  p l a n e  l a y e r  o f  t h e  medium 
i n  i s o t r o p i c  s c a t t e r i n g  i s  r e d u c e d  t o  t h e  p r o b l e m  o f  f i n d i n g  t h e  
Ambartsumyan f u n c t i o n  +(n,X) which  s a t i s f i e s  t h e  f o l l o w i n g  non-  
l i n e a r  i n t e g r a l  e q u a t i o n  C11: 

where  X i s  t h e  p r o b a b i l i t y  o f  quantum b u r n - o u t  i n  a n  e l e m e n t a r y  
s c a t t e r i n g  a t ,  a r c  c o s  i s  t h e  a n g l e  o f  r e f l e c t i o n  o f  r a d i a t i o n  
f r o m  t h e  l a y e r .  A t  (1-X) < <  1, 
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where  

i . e . ,  t h e  s o l u t i o n  t o  t h e  p r o b l e m  o f  d i f f u s e  r e f l e c t i o n  o f  l i g h t  
i n  a l m o s t  p u r e  s c a t t e r i n g  i s  r e d u c e d  t o  t h a t  of d i f f u s e  r e f l e c t i o n  
i n  p u r e  s c a t t e r i n g  ( A  = 1 ) .  T h e r e f o r e ,  it i s  o f  i n t e r e s t  t o  s o l v e  
t h e  f o l l o w i n g  p r o b l e m .  

The f u n c t i o n  $ ( n , A )  i s  g i v e n .  W e  mus t  f i n d  t h e  e x p a n s i o n  o f  
t h i s  f u n c t i o n  i n t o  a s e r i e s  b y  powers  o f  

1 
where  t h e  f u n c t i o n  $ o ( n )  i s  c o n s i d e r e d  t o  b e  known. 

P R I N C I P A L  E Q U A T I O N S  

I n  a d d i t i o n  t o  (l), t h e  f u n c t i o n  + ( q , A )  a l s o  s a t i s f i e s  t h e  
l i n e a r  i n t e g r a l  e q u a t i o n  C 2 ]  

1 

where  

I t  i s  w e l l  known t h a t  

I 
n n m 

w h i l e  t h e  f u n c t i o n  $ ( q , A )  s a t i s f i e s  t h e  f o l i o w i n g  r e l a t i o n s h i p s :  
1 

where  k i s  t h e  r o o t  o f  t h e  e q u a t i o n ,  : . e . ,  

~ _ _  . .. - ' T h i s  p r o b l e m  was f o r m u l a t e d  b y  V . V .  S o b o l e v .  
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We s h o u l d  m e n t i o n  t h a t ,  a s  f o l l o w s  f r o m  ( 7 1 ,  

U s i n g  ( 7 ) ,  E q u a t i o n  ( 5 )  c a n  b e  r e w r i t t e n  i n  t h e  f o l l o w i n g  
way: 

1 

The p r e c i s e  a n a l y t i c a l  s o l u t i o n  t o  (11) c a n  b e  o b t a i n e d  b y  t h e  
method o f  Car l eman  [ 2 ] ,  w h i l e ,  as f o l l o w s  f r o m  t h e  f o r m u l a s  
f o u n d  b y  V . V .  S o b o l e v  [ 4 ] ,  t h i s  s o l u t i o n  h a s  t h e  f o l l o w i n g  f o r m :  

"C"' (<,) - u, (111 I -/I..,,) 

( 1 2 )  
'p (q ,  ;.) = -- - -  

(1  - -q) I< (-(I) 
' 

where  

1 

L e t  u s  m e n t i o n  a number o f  r e l a t i o n s h i p s  o f  t h e  t h e o r y  of  
s i n g u l a r  i n t e g r a l  e q u a t i o n s  wh ich  we w i l l  n e e d  i n  t h e  f u t u r e .  

I t  w a s  shown i n  t h e  monograph by  F .  T r i c c o m i  [ 5 ,  p .  2 4 1 1 ,  
t h a t  i f  t h e  f u n c t i o n  $ ( q , A )  s a t i s f i e s  (ll), t h e n  .it w i l l  a l s o  
s a t i s f y  t h e  f o l l o w i n g  r e l a t i o n s h i p :  

1 

I n  d e r i v i n g  (151, we u s e d  (12). 
1 
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T h u s ,  u s i n g  ( 7 )  a n d  ( 8 1 ,  w e  f i n d  

C o n s e q u e n t l y ,  i n s t e a d  of (12), w e  c a n  w r i t e  t h e  f o l l o w i n g  e x p r e s -  
s i o n :  

I n  p a r t i c u l a r ,  c o n s i d e r i n g  (101, we f i n d  t h a t  

where  t h e  f u n c t i o n s  R o ( r l )  a n d  w o ( n )  a r e  d e t e r m i n e d  b y  (13) a n d  
( 1 4 ) ,  r e s p e c t i v e l y  a t  X = 1. 

An e q u a t i o n  o f  t h e  t y p e  

h a s  t h e  f o l l o w i n g  s o l u t i o n  [ 5 ,  p .  2471:  

where  

1 1 - I - . ,  
2 I--rl’ 

a o ( $  1 - -71 I l l  -- (17) 

w h i l e  t h e  v a l u e  C i s  an  a r b i t r a r y  i n t e g r a t i o n  c o n s t a n t .  Moreove r ,  
i t  w a s  f o u n d  [ 5 ,  p .  2451 t h a t  t h e  f u n c t i o n  @ o ( q )  s a t i s f i e s  t h e  
r e l a t i o n s h i p  
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I n  t h e  f u t u r e ,  w e  w i l l  n e e d  t h e  f o l l o w i n g  f o r m u l a  [ 6 ,  p .  1 7 4 1 :  

1 

C A S E  OF I S O T R O P I C  S C A T T E R I N G  

L e t  u s  a s sume  t h a t  0 z < 1, 

n -  

S u b s t i t u t i n g  ( 2 0 )  i n t o  (11) a n d  e q u a l i z i n g  t h e  e x p r e s s i o n s  i n  
b o t h  s i d e s  for i d e n t i c a l  powers  o f  Z ,  w e  f i n d  t h a t  

I t  f o l l o w s  f r o m  ( 7 )  a n d  ( 2 0 )  t h a t  

1 
4 n  

w h i l e  it f o l l o w s  f r o m  ( 2 1 )  a n d  ( 2 2 )  t h a t  

A t  t h e  same t i m e ,  w e  h a v e  t h e  f o l l o w i n g  f r o m  ( 2 3 ) :  

( 2 3 )  
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U s i n g  ( 1 7 )  a n d  o m i t t i n g  C w i t h  t h e  a i d  o f  ( 2 5 1 ,  w e  f i n d  f r o m  
( 2 4  t h a t  

T h u s ,  w e  h a v e  f o u n d  t h e  r e c u r r e n c e  f o r m u l a  t o  o b t a i n  a n y  
t e r m  o f  t h e  e x p a n s i o n  i n  ( 2 0 ) .  A s  f o r  t h e  f u n c t i o n  $ 1 ( n ) ,  we 
f i n d  f r o m  

where  

I n  a l l  a p p e a r a n c e s ,  t h e  f u n c t i o n  U ( Q )  i s  n o t  e x p r e s s e d  i n  t e r m s  
o f  t h e  e l e m e n t a r y  f u n c t i o n s .  I n  d e r i v i n g  (301, we u s e  t h e  f o l l o w -  
i n g ,  w h i c h  c a n  b e  p r o v e n :  

I 7 = I -  5 '  
b 

N u m e r i c a l  v a l u e s  of  t h e  f u n c t i o n  u ( n )  a r e  g i v e n  b e l o w :  

( 3 2 )  
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. .- - .. -. . - . 

’1 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 
-r,ri($ 0.035 0.054 O.OG8 0.079 0.088 0.095 0.102 O . j O 8  0.113 0.117 

-q 0.55 0.60 0.65 0.70 0.79 0.80 0.85 0.90 0.95 1.00 
 TU(^) 0.121 0.125 0.128 0.131 0.134 0.136 0.139 0.141 0.143 0.145 

T h u s ,  t h e  f o l l o w i n g  f o r m u l a . i s  d e r i v e d  f r o m  ( 2 8 1 ,  ( 2 9 )  a n d  
( 3 0 1 2 :  

O b v i o u s l y ,  u s i n g  t h e  r e c u r r e n c e  f o r m u l a s  i n  ( 2 6 1 ,  we can  o b t a i n  
t h e  t e r m s  o f  t h e  e x p a n s i o n  of  t h e  f u n c t i o n  +(q,X) i n t o  a s e r i e s  
b y  z and  h i g h e r  o r d e r s .  

C A S E  OF THE SIMPLEST N O N S P H E R I C A L  I N D I C A T R I X  OF SCATTERING 

The f o r m u l a s  g i v e n  above  f o r  a s p h e r i c a l  i n d i c a t r i x  o f  
s c a t t e r i n g  c a n  b e  u s e d  i n  d e r i v i n g  a n a l o g o u s  f o r m u l a s  i n  t h e  
c a s e  of t h e  s i m p l e s t  n o n s p h e r i c a l  i n d i c a t r i x  o f  s c a t t e r i n g  o f  t h e  
f o l l o w i n g  t y p e :  

7. (Y, 1 + xi cos ‘i, 

where  y i s  t h e  ang-e  o f  s c a t t e r .  T h i s  i s  a 

( 3 4 )  

1 t h e  more i m p o r t a n t  
i n  t h a t  we h a v e  a d e p e n d e n c e  on one  more p a r a m e t e r  h e r e ,  2 1 .  

0 A c c o r d i n g  t o  S .  C h a n d r a s e k h a r  C 7 1 ,  t h e  Ambartsumyan f u n c t i o n s  
$ 0  ( n )  and +! (11) a r e  e x p r e s s e d  i n  t e r m s  o f  t h e  f u n c t i o n  H ( n ) ,  
which  s a t i s f i e s  t h e  f o l l o w i n g  e q u a t i o n :  

where  

_ _ ~  - _ _  __-___ -~ - . -. - - 

V . V .  I v a n o v  a l s o  o b t a i n e d  ( 3 3 )  by  a n o t h e r  me thod .  
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w h i l e  

Here  

I t  f o l l o w s  f rom ( 3 5 )  a n d  ( 3 7 )  t h a t  t h e  f u n c t i o n  B ( r l ) ,  i n  a d d i t i o n  
t o  ( 3 5 ) ,  a l s o  s a t i s f i e s  t h e  f o l l o w i n g  e q u a t i o n :  

I t  f o l l o w s  f r o m  ( 3 6 )  a n d  ( 3 8 )  t h a t  

w h i l e ,  c o n s i d e r i n g  m o r e o v e r  t h a t  C7] 

i n s t e a d  of  ( 3 9 ) ,  w e  h a v e  t h e  f o l l o w i n g :  

1 ( 4 2 )  1 ‘1’. (7 ; ’ )  7,’ + H (‘1‘) h; . 
7,’ - ‘‘1 

0 

U s i n g  t h e  same method as  i n  t h e  c a s e  o f  a s p h e r i c a l  i n d i c a t r i x  
of  s c a t t e r i n g ,  w e  c a n  o b t a i n  t h e  r e c u r r e n c e  f o r m u l a  i n  o r d e r  t o  
f i n d  a n y  t e r m  of  t h e  e x p a n s i o n  o f  t h e  f u n c t i o n  H ( n )  i n t o  a s e r i e s  
by  p o w e r s  o f  2. W e  w i l l  l i m i t  o u r s e l v e s  t o  t h e  e x p a n s i o n  t e r m s  
of power  no  h i g h e r  t h a n  z3. I n  t h i s  c a s e ,  i n s t e a d  o f  ( 4 2 1 ,  w e  
h a v e  t h e  f o l l o w i n g :  

1 6 3  



where  

/ I  (Y,) = -. ' L-3 'I' (q) I 1  (TJ. 
1. 1 3 - ).XI 

( 4 4  1 

C o n s i d e r i n g  (11) a n d  ( 4 3 1 ,  wh ich  c o i c i d e  c o m p l e t e l y ,  we h a v e  
t h e  f o l l o w i n g :  

a t  t h e  same t i m e ,  it f o l l o w s  f r o m  ( 4 1 )  a n d  ( 4 4 )  t h a t  

C o n s i d e r i n g  ( 7 )  a n d  ( 8 )  a n d  s o l v i n g  ( 4 5 )  b y  t h e  method of  Car l eman  
[ S I ,  we f i n d  

I n  o r d e r  t o  o b t a i n  t h e  t e r m s  f o r  t h e  e x p a n s i o n  o f  H(n) i n t o  a 
s e r i e s  by  powers  o f  z ,  we mus t  e x p a n d  t h e  r i g h t - h a n d  p a r t  o f  ( 4 7 )  
i n t o  a s e r i e s  b y  s o w e r s  o f  z a n d  l i m i t  o u r s e l v e s  t o  t e r m s  o f  power 
no  g r e a t e r  t h a n  z . 

A s  f o l l o w s  f r o m  ( 4 2 )  a n d  ( 4 3 1 ,  t h e  r e l a t i o n s h i p  i n  ( 4 7 )  i s  
f u l f i l l e d  a l l  t h e  more a c c u r a t e l y  when q i s  c l o s e r  t o  z e r o ,  w h i c h  
c a n  b e  s e e n  from t h e  p r e c i s e  v a l u e s  o f  Hp(n) g i v e n  b e l o w  f o r  
X = 0 . 9 5  and  X I  = 1, as w e l l  as t h e  v a l u e s  c a l c u l a t e d  a c c o r d i n g  
t o  ( 4 7 )  ( i t  w a s  assumed i n  t h e  c a l c u l a t i o n s  t h a t  t h e  f u n c t i o n  
@ ( n , X )  w a s  known) :  

0. .5 (1.  1 '1 1 
IfT 2,1813 1.7195 l.:'(XY 
/ I  2 , i f $ j ! )  1 , i l ~ : i  l.>'OAS 
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L e t  

Then ,  c o n s i d e r i n g  ( l o ) ,  ( 2 8 ) ,  ( 2 9 )  and  (301, a f t e r  e x p a n d i n g  t h e  
r i g h t - h a n d  p a r t  of ( 4 7 )  i n t o  a s e r i e s  b y  p o w e r s  o f  z ,  we h a v e  t h e  
f o l l o w i n g :  

( 4 9 )  

( 5 0 )  

I-I, = I(:? - XI) 5 - 2~ (-f,)j v0 TI ( 5 1 )  

110 ( 3 )  = To I 

. -  

N * (Y,) = - 1'3 - X,'P" (3) 3 3 

where  

A s  C h a n d r a s e k h a r  showed [ 7 ] ,  t h e  f u n c t i o n s  

0 
It  i s  w e l l  known [ 4 ]  t h a t  t h e  f u n c t i o n s  6 ( q )  and  + y ( n )  

d e t e r m i n e  t h e  component  o f  t h e  i n t e n s i t y  o f  r a i i a t i o n  d i f f u s e l y  
r e f l e c t e d  by  a s e m i - i n f i n i t e  p l a n e  l a y e r  o f  t h e  medium f o r  i n -  
d i c a t r i x  o f  s c a t t e r i n g  o f  ( 3 4 ) ,  wh ich  d o e s  n o t  d e p e n d  on t h e  
a z i m u t h .  

0 
I n  o r d e r  t o  f i n d  t h e  e x p a n s i o n  o f  t h e  f u n c t i o n  ~ $ ~ ( q )  a n d  

$ 1 ( n )  i n t o  a s e r i e s  by z ,  w e  w i l l  d e t e r m i n e  t h e  v a l u e s  f o r  t h e  
moments o f  t h e  f u n c t i o n  C $ o ( n ) .  We w i l l  u s e  t h e  f o l l o w i n g  s y m b o l s :  

0 
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I 

C o n s i d e r i n g  ( 1 )  a n d  u s i n g  ( 7 ) ,  w e  c a n  o b t a i n  t h e  f o l l o w i n g :  

, , 2n-1 

f r o m  which  

a(") = 2, 
0 

where  q ( z )  i s  a Hopf f u n c t i o n ,  q ( c p )  = 0 . 7 1 0 ) ,  w h i l e  C 8 l  

r- 1 

I t  f o l l o w s  f r o m  ( 6 1 )  a n d  ( 6 2 )  t h a t  

U s i n g  ( 4 9 ) - ( 5 2 ) ,  ( 6 2 ) - ( 6 4 )  a n d  ( 6 6 1 ,  w e  f i n d  t h a t  
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Then ,  

2 - 5--2q 11 (?) 

The s p h e r i c a l  a l b e d o  o f  t h e  p l a n e t  s u r r o u n d e d  b y  a s e m i -  
i n f i n i t e  a t m o s p h e r e  i s  d e t e r m i n e d  b y  t h e  f o l l o w i n g  f o r m u l a  [ S I  
for a n  i n d i c a t r i x  o f  s c a t t e r i n g  of t h e  t y p e  i n  (34): 
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S u b s t i t u t i n g  ( 6 9 )  i n t o  i t ,  w e  f i n d  t h a t  

If  w e  e l i m i n a t e  t h e  t e r m s  g r e a t e r  t h a n  f i r s t  o r d e r  r e l a t i v e  t o  z 
i n  ( 7 1 )  a n d  ( 7 2 ) ,  w e  w i l l  o b t a i n  t h e  f o r m u l a s  f o u n d  b y  V . V .  S o b o l e v  
C l O l .  
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1 '  

B R I G H T N E S S  C O E F F I C I E N T S  OF A H O M O G E N E O U S  
P L A N E  L A Y E R  O F  A T U R B I D  M E D I U M  

E.G. Y a n o v i t s k i y  

ABSTRACT: Three  t y p e s  of e q u a t i o n s  d e t e r m i n i n g  
t h e  Ambartsumyan C$ and I) f u n c t i o n s  a r e  o b t a i n e d  
f o r  t h e  c a s e  when t h e  i n d i c a t r i x  of s c a t t e r i n g  
p r o v e s  to be a f i n i t e  number of t e rms  i n  an 
expans ion  i n t o  a s e r i e s  by Legendre poZynomiaZs. 
L i n e a r  r e l a t i o n s h i p s  c o n n e c t i n g  t h e  c i t e d  f u n c -  
t i o n s  a r e  o b t a i n e d .  

U s i n g  h i s  p r o b a b i l i t y  o f  quantum y i e l d  from a medium, V . V .  
S o b o l e v  [l] o b t a i n e d  t h r e e  t y p e s  o f  e q u a t i o n s  d e t e r m i n i n g  t h e  
Ambartsumyan C$ a n d  $-$I f u n c t i o n s  for i s o t r o p i c  s c a t t e r i n g .  V . A .  
Ambartsumyan [2,3] f o u n d  two t y p e s  of  t h e s e  e q u a t i o n s .  

I n  t h i s  s t u d y ,  t h e s e  e q u a t i o n s  a r e  o b t a i n e d  for t h e  c a s e  
when t h e  i n d i c a t r i x  of  s c a t t e r i n g  x(y) c a n  be  r e p r e s e n t e d  i n  t h e  
form of  a f i n i t e  number o f  t e r m s  i n  an  e x p a n s i o n  i n t o  a s e r i e s  
by  L e g e n d r e  p o l y n o m i a l s .  I n  t h i s  c a s e ,  we w i l l  b a s e  o u r  a r g u m e n t s  
on  t h e  more g e n e r a l  r e l a t i o n s h i p s  o b t a i n e d  by  t h e  a u t h o r  o f  C4l 
for a p l a n e  l a y e r  o f  a h e t e r o g e n e o u s  medium, i n  which  t h e  i n d i c a -  
t r i x  of  s c a t t e r i n g  and  t h e  p r o b a b i l i t y  o f  quantum r e l e a s e  X a r e  
a r b i t r a r y  p r e s e t  f u n c t i o n s  o f  t h e  o p t i c a l  d e p t h  T .  M o r e o v e r ,  
we w i l l  f i n d  l i n e a r  r e l a t i o n s h i p s  wh ich  c o n n e c t  t h e  Ambartsumyan 
f u n c t i o n s  $Iz and  $2. 

P R I N C I P A L  EQUATIONS FOR T H E  HETEROGENEOUS M E D I U M  

L e t  u s  h a v e  a p l a n e  l a y e r  o f  o p t i c a l  t h i c k n e s s  T ,  t h e  u p p e r  
l i m i t  ( T  = 0 )  t o  wh ich  i s  i l l u m i n a t e d  b y  p a r a l l e l  r a y s  f a l l i n g  
a t  a n  a n g l e  o f  a r c  c o s  5 t o  t h e  n o r m a l  a t  a n  a z i m u t h  of  $ 0 ;  nS 
i s  t h e  i l l u m i n e n c e  o f  t h e  a r e a  p e r p e n d i c u l a r  t o  t h e  i n c i d e n t  
r a y s  a t  t h e  u p p e r  b o u n d a r y  o f  t h e  a t m o s p h e r e ;  t h e  p r o b a b i l i t y  o f  
quantum r e l e a s e  A ( T )  and  t h e  s c a t t e r i n g  i n d i c a t r i x  x ( y , ~ ) ,  wh ich  
a r e  a r b i t r a r y  f u n c t i o n s  of t h e  o p t i c a l  d e p t h  ( y  i s  t h e  a n g l e  o f  
s c a t t e r ) ,  a r e  g i v e n .  

We w i l l .  a s sume  t h a t  t h e  c h a r a c t e r i s t i c  s c a t t e r i n g  c u r v e s  
c a n  b e  r e p r e s e n t e d  w i t h  a s u f f i c i e n t  d e g r e e  o f  a c c u r a c y  i n  t h e  
f o l l o w i n g  f o r m :  
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where 

P h  (cos y )  is the Legendre polynomial of n order. 

The brightness coefficients for diffusely reflected and dif- 
fusely admitted radiation passing from the layer at an angle of 
arc cos 11 to the normal at azimuth of $ are then determined by 
the following formulas [ 4 ] ,  respectively: 

n 

L-; 
m-0 

(3) p (-q, i, $3) = !' T m  (I t ,  i, To) cos m ('p - To), 

where the components rm and sm of the brightness coefficients 
are determined by the relationships below 

while 

2 , m = O ,  

1 (12 - rr i )  ! 
2 

1, I ? l > C ) ,  

1J.T (2) = 

N N 

The values r, and s, are components of the brightness coeffi- 
cients for the medium under investigation, which is illuminated 



f rom b e l o w .  Moreov-er, t h e  f u n c t i o n s  Pm(n, 5, T o ) ,  S m ( q ,  5, T o ) ,  

p m  ( 0 ,  5, T O )  a n d  sm ( q ,  5, T O )  also s a t i s f y  t h e  f o l l o w i n g  System 
of i n t e g r a l - d i f f e r e n t i a l  e q u a t i o n s :  

U 

where  

. n  

L 1 

0 

A s u b s t i t u t i o n  o f  t h e  v a l u e s  f o r  (5)-(8) i n t o  (15)-(18), 
r e s p e c t i v e l y ,  g i v e s  f o u r N s y s t e m s  o f  i n t e g r a l  e q u a t i o n s  t o  f i n d  
t h e  a u x i l i a r y  f u n c t i o n s  $ I f ,  +$, $If a n d  $$, by which  t h e  b r i g h t -  
n e s s  c o e f f i c i e n t s  a r e  a l s o  d e t e r m i n e d .  

I 

FINDING THE BRIGHTNESS COEFFICIENTS OF T H E  
HOMOGENEOUS PLANE LAYER 

L e t  u s  h a v e  a homogeneous p l a n e  l a y e r  i n  a t u r b i d  medium. 
Then ,  i n s t e a d  o f  (lo), we h a v e  t h e  f o l l o w i n g :  
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O b v i o u s l y ,  i f  t h e  l a y e r  i s  homogeneous ,  t h e n  t h e  i n t e n s i t y  o f  
d i f f u s e l y  r e f l e c t e d  r a d i a t i o n  d o e s  n o t  d e p e n d  on t h e  d i r - e c t i o n  
f o r  i l l u m i n a t i o n  o f  t h e  l a y e r .  I n  t h i s  c a s e ,  

p h,C, 'p) = p (q, C, 7 )  and 3 (7, :. 

w h i l e  i n s t e a d  of t h e  four r e l a t i o n s h i p s  o f  (15)-(18), w e  w i l l  h a v e  
o n l y  two : 

1 

( , ,n l  ('1 ) = piii c )  -!. (-.. i j':. r n  - c,. il - \, fill CG', ':, To) P; ( 5 ' )  h,', l i i  1 0 k :  4 

( 2 4 )  
(1 

1. L e t  u s  e q u a l i z e  t h e  r i g h t - h a n d  p a r t s  o f  ( 2 0 )  and  ( 2 2 ) ,  
( 2 1 )  a n d  ( 2 3 ) .  A s  a r e s u l t ,  we f i n d  t h a t  

S u b s t i t u t i n g  ( 2 6 )  a n d  ( 2 7 )  i n t o  ( 2 4 )  and  ( 2 5 1 ,  r e s p e c t i v e l y ,  we 
w i l l  o b t a i n  a s y s t e m  o f  i n t e g r a l  e q u a t i o n s  i n  o r d e r  t o  f i n d  t h e  
f u n c t i o n s  I $ ~ ( C ,  T O )  a n d  J l z ( C ,  T O ) :  
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2. We find from (5) and (6) that, in the homogeneous case, 

Substituting (30) and (31) into (24) and (25), we obtain the 
following: 

3. Equations ( 7 )  and (8) are written in the following way 
for the homogeneous medium: 

A substitution of (34) into (25) and (35) into (26) results 
in the following equations: 
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i -m J 
0 

1 
L 

1 

E x p r e s s i o n s  ( 2 6 ) - ( 2 9 )  were  f i r s t  o b t a i n e d  by Ambartsumyan [ 5 1  
for a s e m i - i n f i n i t e  medium i n  a n i s o t r o p i c  s c a t t e r i n g ,  a n d  by  
C h a n d r a s e k h a r  E 6 1  i n  t h e  case o f  a medium o f  f i n i t e  o p t i c a l  t h i c k -  
n e s s .  Ambartsymyan [ 2 , 3 1  o b t a i n e d  E q u a t i o n s  ( 2 6 ) - ( 2 9 )  and  ( 3 0 ) -  
( 3 3 )  f o r  i s o t r o p i c  s c a t t e r i n g ,  w h i l e  S o b o l e v  c11 d e r i v e d  E q u a t i o n s  
( 3 4 ) - ( 3 7 ) ;  as  w a s  a l r e a d y  m e n t i o n e d ,  S o b o l e v  o b t a i n e d  a l l  t h e  
e q u a t i o n s  ( 2 6 ) - ( 3 7 )  v e r y  s i m p l y  ( f o r  i s o t r o p i c  s c a t t e r i n g )  on t h e  
b a s i s  o f  h i s  p r o b a b i l i t y  o f  quantum y i e l d s  f r o m  t h e  medium. 

H e r e ,  we h a v e  f o u n d  a l l  t h r e e  t y p e s  of  e q u a t i o n s  f o r  t h e  
f u n c t i o n s  +? a n d  $ z ,  f o r  t h e  a r b i t r a r y  i n d i c a t r i x  o f  s c a t t e r i n g  
r e p r e s e n t e d  i n  t h e  f o r m  o f  (11, a s  a p a r t i c u l a r  c a s e  o f  t h e  more 
g e n e r a l  e q u a t i o n s  o b t a i n e d  for t h e  h e t e r o g e n e o u s  medium. 

L I N E A R  E Q U A T I O N S  C O N N E C T I N G  THE F U N C T I O N S  
+f A N D  $; 

I t  i s  e a s y  t o  show t h a t  u s e f u l  r e l a t i o n s h i p s  c o n n e c t i n g  t h e  
L e t  u s  u s e  a r e -  f u n c t i o n s  $2 a n d  $2 f o l l o w  f rom ( 2 8 )  a n d  ( 2 9 ) .  

c u r r e n c e  f o r m u l a  f o r  t h e  a s s o c i a t e d  L e g e n d r e  f u n c t i o n s  

C o n s i d e r i n g  t h a t  

a n d  s u b s t i t u t i n g  ( 3 8 )  i n t o  t h e  i n t e g r a n d  o f  ( 2 8 ) ,  a s  w e l l  as  
i n t r o d u c i n g  t h e  s y m b o l s  be low 

1 

. nt - 
- JV’ (71) Pr (3) dr,, 

0 

‘1J-y (T )  Pk“ (3) d/, , 

we f i n d  t h e  f o l l o w i n g  

1 7 4  

( 3 9 )  

( 4 0 )  



Using ( 2 8 ) ,  we ultimately obtain the following, instead of (41): 

In a similar way, we find from (29) and (38) that 

m m We should mention that the values ai7<and B i k  are connected by 
the following relationships: 

This follows from (28), considering (39). 

In a particular case when k = m = 0 ,  n = 1 and T O  = , we 
have the following f r o m  ( 4 2 ) :  

1 7 5  



I 

* i . e . ,  w e  o b t a i n  t h e  f o r m u l a  wh ich  Ambartsumyan f o u n d  [ S I .  

I t  f o l l o w s  f r o m  ( 4 4 )  t h a t  

S u b s t i t u t i n g  ( 4 6 )  i n t o  ( 4 5 ) ,  w e  f i n d  t h a t  

0 C o n s e q u e n t l y ,  t h e  f u n c t i o n  $ 1  ( 5 )  is c o m p l e t e l y  d e t e r m i n e d  
b knowing t h e  f u n c t i o n  ( c ) ,  a n d  t h e  i n v e r s e .  The f u n c t i o n  

t h e  l i n e a r  i n t e g r a l  e q u a t i o n  o b t a i n e d  b y  S o b o l e v  C3, p .  1 4 8 1 .  
9, $ ( < )  c a n  b e  f o u n d  r e g a r d l e s s  o f  t h e  f u n c t i o n  @! ( 5 )  by s o l v i n g  

I n  t h e  g e n e r a l  c a s e ,  f o r  a n y  f i x e d  m a n d  n ,  a s  f o l l o w s  f rom 
( 4 2 )  a n d  ( 4 3 1 ,  a n y  o f  t h e  f u n c t i o n s  f o r  ( 5 )  ( t h e r e  w i l l  b e  
n - m + 1 i n  a l l )  c a n  b e  r e p r e s e n t e d  a s  a l i n e a r  c o m b i n a t i o n  o f  
t h e  r e m a i n i n g  ( n  - m) f u n c t i o n s .  O b v i o u s l y ,  t h i s  a l s o  h o l d s  f o r  
t h e  f u n c t i o n  $! (z;). 

1 a n d  @ k  ( q )  0 ,  @k-l ( q )  E 0 .  T h e s e  i d e n t i t i e s  f o l l o w  f r o m  
( 3 8 )  an$-krom t h e  f a c t  t h a t  

I n  u s i n g  ( 4 2 )  an$  ( 4 3 ) ,  w e  m u s t  k e e p  i n  mind t h a t  m 5 k S n - 

pk ( I )  = (2k + 1) (4. 
k+l 

T h u s ,  t h e  r e l a t i o n s h i p s  o b t a i n e d  ( 4 2 1 ,  ( 4 3 )  a n d  ( 4 4 )  may 
p r o v e  t o  b e  u s e f u l  f o r  a n u m e r i c a l  s o l u t i o n  t o  t h e  s y s t e m  o f  
i n t e g r a l  e q u a t i o n s  d e t e r m i n i n g  t h e  f u n c t i o n s  Om and I);. k 

176 



REFERENCES 

1. S o b o l e v ,  V.V.: Astron. Zhur., Vol. 34, p. 336, 1957. 
2. Ambartsumyan, V.A.: Doklady Akad. Nauk S.S.S.R., Vol. 37, 

3.  Sobolev, V.V.: Perenos luchistoy energii v atmosferakh zvezd 
p. 257, 1943. 

i planet (Transfer of Radiant Energy in the Atmospheres 
of Stars and Planets). MOSCOW, "GITTL", 1956. 

4. Yanovitskiy, E.G.: Astron. Zhur., Vol. 38, p. 912, 1961. 
5. Ambartsumyan, V.A.: Zhur. Eksp. i Teoret. Fiz., Vol. 13, 

6. Chandrasekhar, S . :  Perenos luchistoy energii (Transfer of 
Radiant Energy). MOSCOW, Foreign Literature Publishing 
House, 1953. 

NO. 9-10, p. 224, 1943. 

177 



C O U N T  R A T E  M E T E R  ( C R M )  

0.1.  Bugayenko 

ABSTRACT:  The s c h e m a t i c  diagram of a c o u n t  r a t e  
m e t e r  wh ich  measures  t h e  s t a t i s t i c a 2  f r e q u e n c y  
of s i g n a Z s  a d m i t t e d  p e r  u n i t  i n p u t  o f  t h e  t r i g -  
g e r ,  w i t h  Poisson d i s t r i b u t i o n  o f  t h e  i n t e r v a Z s  
be tween  p u t s e s ,  is d e s c r i b e d  in t h i s  s t u d y .  

When w o r k i n g  w i t h  a p h o t o n  c o u n t e r ,  t h e r e  mus t  b e  p r e l i m i n a r y  
i n f o r m a t i o n  o n  t h e  i n t e n s i t y  o f  t h e  m e a s u r e d  s i g n a l .  An i n d u s t r i a l  
CRM o f  t h e  " T y u l ' p a n t t  t y p e  (ISS-3) i s  u s u a l l y  u s e d  i n  o r d e r  t o  
d e t e r m i n e  t h e  r e q u i s i t e  s t o r a g e  t i m e  a n d  t o  s e l e c t  t h e  s c a l i n g  
f a c t o r  of t h e  c h a n n e l s .  U n f o r t u n a t e l y ,  t h i s  i n s t r u m e n t  o p e r a t e s  
r a t h e r  r e l i a b l y  o n l y  u n d e r  l a b o r a t o r y  c o n d i t i o n s ,  w h i l e  it m u s t  
b e  r e j e c t e d  when u s e d  i n  a d e v i c e  i n t e n d e d  for o p e r a t i o n  i n  open  
a i r .  

The s c h e m a t i c  d i a g r a m  o f  a CRM ( f i g u r e )  m e a s u r i n g  t h e  s t a t -  
i s t i c a l  f r e q u e n c y  o f  s i g n a l s  n p e r  u n i t  i n p u t  o f  t h e  f i g u r e ,  w i t h  
P o i s s o n  d i s t r i b u t i o n  o f  t h e  i n t e g r a l s  b e t w e e n  p u l s e s ,  i s  p r o p o s e d  
i n  t h i s  s t u d y .  A p e r i o d i c  s i g n a l  f o  i s  a d m i t t e d  i n  t h e  z e r o  i n -  
p u t .  The o n - o f f  t i m e  r a t i o  s i s  d e t e r m i n e d  a s  t h e  r a t i o  b e t w e e n  
t h e  t i m e  t h e  t r i g g e r  i s  f o u n d  i n  s p a c e  rtlft a n d  t h e  t o t a l  o b s e r v a -  
t i o n  t i m e :  

- 
n O b v i o u s l y ,  a t  - = 0 5 = 0 ( t h e  t r i g g e r  i s  i n  t h e  s t a t e  t h e  

e n t i r e  t i m e ) ,  w h i l e  f o r  - + O D +  1. C o n s e q u e n t l y ,  t h e  f u n c t i o n  f o  7T 

f o  
i s  o f  a s h a r p l y  d e f i n e d  n o n l i n e a r  n a t u r e  a n d ,  a s  w i l l  b e  

s e e n  b e l o w ,  h a s  a fo rm c l o s e  t o  l o g a r i t h m i c  i n  t h e  o p e r a t i v e  r a n g e  
o f  m e a s u r e d  f r e q u e n c i e s .  The l a t e r  c i r c u m s t a n c e  i s  v e r y  c o n v e n i e n t ,  
s i n c e  i t  a l l o w s  u s  t o  c a r r y  o u t  m e a s u r e m e n t s  i n  d i f f e r e n t  p a r t s  o f  
t h e  s c a l e  o f  t h e  o u t p u t  d e v i c e  w i t h  i d e n t i c a l  r e l a t i v e  e r r o r .  

Yr 
To 

I n  o r d e r  t o  d e t e r m i n e  t h e  a p p e a r a n c e  o f  t h e  f u n c t i o n  5 ( n , T )  

where  P = - , w e  mus t  f i n d  t h e  d i s t r i b u t i o n  f u n c t i o n  F(5) o f  t h e  

random v a l u e  5 ,  i.e., w e  mus t  f i n d  t h e  p r o b a b i l i t y  o f  a n  e v e n t  
where  t h e  o n - o f f  t i m e  r a t i o  i s  5 i n  a n  a r b i t r a r y  i n t e r v a l  [ O , T ] .  

f o  

C o n s i d e r i n g  t h e  p r i n c i p l e  of s t a t i o n a r i t y  o f  t h e  p r o c e s s  
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( P o i s s o n )  u n d e r  i n v e s t i g a t i o n ,  w e  c a n  l i m i t  o u r s e l v e s  t o  a d e t e r -  
m i n a t i o n  o f  t h e  f u n c t i o n  F(5) p e r  u n i t  
i n t e r v a l  T .  I n  t h i s  c a se ,  w e  h a v e  two 
m u t u a l l y  e x c l u s i v e  s i t u a t i o n s :  

(1) N o  p u l s e  a r r i v e s  i n  t h e  t i m e  
i n t e r v a l  T ;  t h e  p r o b a b i l i t y  o f  t h i s  
s i t u a t i o n  i s  e q u a l  t o  e -TT.  Then 5 = 0 
a n d  

_ _ _ _ _  u - 
( 2 )  

F : ( O ) - e e - n T .  

F i g .  B lock  Diagram o f  
~ 

CRM. ( T p )  T r i g g e r ;  (SFG) 
S t a n d a r d - F r e q u e n c y  P u l s e  
G e n e r a t o r ;  (RM) D e v i c e  
M e a s u r i n g  t h e  On-Off 
T i m e  R a t i o  o f  t h e  T r i g -  
g e r  S i g n a l ;  ( S )  Smooth- 
i n g  C a p a c i t o r ;  ( P A )  
O u t p u t  D e v i c e .  

The p r o b a b i l i t y  o f  a p p e a r a n  
e q u a l  t o  F d t .  The unknown 

( 2 )  One or s e v e r a l  p u l s e s  a r e  
a d m i t t e d  i n  t h e  i n t e r v a l  T ,  w h i l e  o n l y  
t h e  f i r s t  p u l s e  c h a n g e s  t h e  s t a t e  o f  
t h e  t r i g g e r .  For  a p a r t i c u l a r  c a se ,  
l e t  u s  d e t e r m i n e  t h e  p r o b a b i l i t y  o f  
a d m i t t a n c e  o f  t h e  f i r s t  p u l s e  i n  t h e  
i n t e r v a l  [ t ,  t + d t l ,  where  0 i t S T .  
The p r o b a b i l i t y  o f  a b s e n c e  o f  a p u l s e  
i n  t h e  i n t e r v a l  [ O , t l  i s  e q u a l  t o  e-Tx. 
ce o f  a p u l s e  i n  t h e  i n t e r v a l  d t  i s  
p r o b a b i l i t y  

w h i l e  by d e f i n i t i o n  

- T--I t 5 =--- = 1 - - 
7‘ 7- ’ ( 4 )  

s o  t h a t  

T h u s ,  t h e  d i s t r i b u t i o n  f u n c t i o n  F ( 5 )  i s  d e t e r m i n e d  c o m p l e t e -  
l y  by  ( 2 )  a n d  ( 5 ) .  

L e t  u s  i n t r o d u c e  t h e  f u n c t i o n  

I t  i s  w e l l  known f r o m  t h e  t h e o r y  o f  F o u r i e r  t r a n s f o r m s  t h a t  
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where r and r2 are the mathematical expectations and deviance of 
the random value 6, respectively. 

Substituting (2) and (5) into ( 6 ) ,  we obtain the following: 
I 

- - - - -  
) *  /, (x = \ ,, T(>- ( I  :) 7 I :  I d; 1- e f z ~ + d x o  = , I ~ c -  7 -f ir- 1 I 

( 9 )  ,J 
- r .  

Equation (9) corresponds to the function of per unit interval 
of T .  

If 5 is assigned to an interval of mT, and considering that 
the values of 5 are independent in each unit integral, then we 
find the following according to the theorem of the characteristic 
function for the sum m of independent values: 

Substituting (10) into (7) and ( 8 1 ,  and considering that 
0 5 s 1, we find that 

Graduation of the scale of the output device is carried out 
according to (ll), while the root-mean-square measurement error 
is estimated according to (12). Differentiating (ll), we obtain 
the following: 

Assuming that <F2 + d e ,  for M + 03 we find that 
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If E i s  t h e  e r r o r  i n  r e a d i n g  t h e  o u t p u t  d e v i c e ,  d u e  t o  t h e  
d e g r e e  o f  a c c u r a c y  a n d  t h e  p a r a l l a x  f o r  r e a d i n g  t h e  i n d i c e s ,  t h e  
t o t a l  r e l a t i v e  e r r o r  i n  m e a s u r i n g  t h e  v a l u e s  n i s  e q u a l  t o  t h e  
f o l l o w i n g :  

- 
An 
n , and  6 = c a l c u l a t e d  ac-  V a l u e s  o f  r ,  d T y  dn ndr 

c o r d i n g  t o  (11)-(14) a r e  g i v e n  i n  t h e  t a b l e .  For a n  e x a m p l e ,  t h e  
t a b l e  a l s o  c o n t a i n s  v a l u e s  of f o r  t h e  case when E = iod2 a n d  
m = l o 3  ( t h e  v a l u e  o f  E c o r r e s p o n d s  t o  t h e  d e g r e e  o f  a c c u r a c y  o f  
1 . 0  u s u a l l y  a s sumed  f o r  t h e  i n s t r u m e n t s ;  a t  m = l o 3  b o t h  componen t s  
o f  t h e  t o t a l  e r r o r  a r e  o f  o n e  o r d e r ) ,  a s  w e l l  as  t h e  r e l a t i v e  r o o t -  
m e a n - s q u a r e  f l u c t u a t i o n s  i n  f l u x  w i t h  i n t e n s i t y  o f  ; for a t imel* 

o f  103T. For l o w e r  m y  t h e  d i f f e r e n c e  i n  e r r o r s  f o r  and/--  
m n t  

i s  l e s s ,  a l t h o u g h  t h e  e r r o r s  t h e m s e l v e s  n a t u r a l l y  i n c r e a s e .  Con- 
s i d e r i n g  t h e  p u r p o s e  o f  t h e  i n s t r u m e n t ,  an  e r r o r  o f  5 - 1 0 %  may b e  
a d m i s s i b l e .  R e l a t i v e  f r e q u e n c i e s  FT f rom 0 . 4  t o  1 0  c a n  b e  m e a s u r e d  
w i t h  t h i s  a c c u r a c y  i n  a s i n g l e  r a n g e  o f  t h e  o u t p u t  s c a l e .  T h u s ,  
t h e  i n t e r v a l  o f  m e a s u r e d  f r e q u e n c i e s  f rom 4 0  Hz t o  1 0 0  kHz c a n  
b e  s p a n n e d  by  t h r e e  r a n g e s  w i t h  r e f e r e n c e  f r e q u e n c i e s  o f  f o  = 1 0 0  
Hz, 1 a n d  1 0  kHz.  The s t a b i l i t y  o f  t h e  f r e q u e n c y  o f  t h e  r e f e r e n c e  
g e n e r a t o r  SFG s h o u l d  b e  no  l e s s  t h a n  1%, which  i s  e a s i l y  r e a l i z e d  
i n  p r a c t i c e .  The t i m e  f o r  a v e r a g i n g  mT i n  t h e  CRM i s  g i v e n  by 
t h e  t i m e  c o n s t a n t  RC o f  t h e  i n t e g r a t i o n  c i r c u i t s  o f  t h e  o n - o f f  
t i m e  r a t i o  m e t e r .  The o p t i m a l  v a l u e  ( f r o m  t h e  p o i n t  o f  v i e w  o f  
o b t a i n i n g  t h e  g r e a t e s t  a c c u r a c y  f o r  a m i n i m a l  a v e r a g i n g  t i m e )  i s  
m = 1 0 0 0 ,  i . e . ,  f o r  t h e  c i t e d  s t a n d a r d  f r e q u e n c i e s  t h e  v a l u e  R C  
i s  e q u a l  t o  1 0 ,  1 a n d  0 . 1  s e c ,  r e s p e c t i v e l y .  

0.1 0.049 
0.25 0.116 
0 . 5  0.213 
1.0 0.368 
2 . 0  0.338 
4 . 0  0.755 

10.0 0.900 

~ 

V Z  
- 

0.17 
0.25 
0.32 
0.36 
0.33 
0 .23  
0.10 

21.2 3 . R G  24 l f l . 0  
9.46 2.40 13 6.3 
5.5'1 I .77 8 4 .5 
3.78 1.36 5 3.2 
3.37 1.12 5 2 . 2  
4.40 I .02 5 1 . G  

10.0 1 .oo 10 i .O 



I 

I n  d e r i v i n g  (ll), i t  w a s  a s sumed  t h a t  t h e  t r i g g e r  h a s  n o  t i m e  
l a g .  A c t u a l l y ,  t h e  s p e e d  o f  r e s p o n s e  o f  t h e  t r i g g e r  i s  l i m i t e d  

t o  a c e r t a i n  l i m i t  f r e q u e n c y  f &- - 
(11) w e  h a v e  t h e  f o l l o w i n g :  

1 . I n  t h i s  c a s e ,  i n s t e a d  o f  

F o r  ZT < 0 . 1 ,  w e  h a v e  t h e  f o l l o w i n g :  

where  a i s  t h e  c o n s t a n t  for t h e  g i v e n  m e a s u r e m e n t  l i m i t .  The 
c o r r e c t i o n  f o r  t h e  t i m e  l a g  o f  t h e  t r i g g e r  c a n  b e  d i s r e g a r d e d  
i f  t h e  c o n d i t i o n  FT < 0 . 0 1  i s  s a t i s f i e d .  
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AN E L E C T R O P H O T O M E T E R  F O R  LOW L U M I N O U S  F L U X E S  

L.A. B u g a y e n k o ,  0.1. Bu g a y e n k o ,  V.D. Krugov 
and V.G. P a r u s i m o v  

ABSTRACT:  A d e v i c e  i n t e n d e d  f o r  a u t o m a t i c  d e t e r -  
m i n a t i o n  of p o Z a r i z a t i o n  components w i t h  a two- 
channeled  i n s t r u m e n t  i n v e s t i g a t i n g  Zow luminous 
f Z u x e s  accord ing  t o  puZse c o u n t s  i s  d e s c r i b e d .  
The d e v i c e  i s  made of t r a n s i s t o r s .  

The i n s t r u m e n t  i n t e n d e d  f o r  p o l a r i m e t r i c  a n d  p h o t o m e t r i c  i n -  
v e s t i g a t i o n s  o f  l ow l u m i n o u s  f l u x e s  b y  t h e  method o f  p h o t o n c o u n t -  
i n g  o p e r a t e s  o n  two r e g i m e s :  t h e  r e g i m e  for measuremen t  o f  t h e  
p o l a r i z a t i o n  ( p o l a r i m e t e r )  and  t h e  r e g i m e  o f  a t w o - c h a n n e l e d  p h o t o -  
m e t e r .  I t  c o n s i s t s  of two p r i n c i p a l  measu remen t  c h a n n e l s  I a n d  
11, o f  o n e  a u x i l i a r y  c h a n n e l  I, which  i s  u s e d  f o r  a u t o m a t i c  d e t e r -  
m i n a t i o n  o f  t h e  p o l a r i z a t i o n  c o m p o n e n t s ,  a n d  a t i m e - r e a d i n g  c h a n n e l  
o p e r a t i n g  o n  a q u a r t z - c r y s t a l  o s c i l l a t o r .  I n t e r a c t i o n  of  t h e  
c h a n n e l s  i s  a c c o m p l i s h e d  t h r o u g h  t h e  c o n t r o l  u n i t s  o f  t h e  i n s t r u -  
m e n t .  The maximum s p e e d  f o r  c o u n t i n g  p u l s e s  d i s t r i b u t e d  r a n d o m l y  
i n  t i m e  i s  a b o u t  2 0 0  kHz. T h e  r e s o l v i n g  t i m e  o f  t h e  i n p u t  i n s t r u -  
m e n t s  i s  no l e s s  t h a n  s e c .  The s e n s i t i v i t y  o f  t h e  a m p l i f i e r s  
i s  a b o u t  lo-* V .  The e l e c t r o n i c  c l o c k  a l l o w s  d i s c r e t e  a s s i g n m e n t  
o f  t h e  t i m e  f o r  s t o r a g e  o f  i n f o r m a t i o n  f r o m  1 t o  9 0 0  s e c  w i t h  
a c c u r a c y  o f  0 . 0 1  s e c .  The i n f o r m a t i o n  s t o r e d  i n  t h e  c o u n t e r s  a n d  
t h e  i n d i c e s  o f  t h e  t i m e  m e t e r  a r e  t r a n s f e r r e d  t o  t h e  number p r i n t e r  
a n d  d u p l i c a t e d  i n  b i n a r y - d e c i m a l  c o d e  w i t h  neon  l a m p s .  M o r e o v e r ,  
p r e l i m i n a r y  i n f o r m a t i o n  on t h e  m e a s u r e d  f l u x  c a n  be o b t a i n e d  f r o m  
t h e  c o u n t  r a t e  m e t e r  [ a ] ,  wh ich  i s  c o n n e c t e d  t o  e i t h e r  o f  t h e  p r i n -  
c i p a l  c h a n n e l s .  The e n t i r e  i n s t r u m e n t  i s  made c o m p l e t e l y  o f  s e m i -  
c o n d u c t i n g  e l e m e n t s .  The r a d i a t i o n  r e c e i v e r s  a r e  p h o t o m u l t i p l i e r s  
wh ich  a r e  s e n s i t i v e  i n  t h e  s p e c t r a l  r a n g e  o f  0 . 3 5 - 0 . 8  1-1. 

L e t  u s  p r e s e n t  some g e n e r a l  c o n c e p t s  wh ich  d e t e r m i n e  t h e  p r i n -  
c i p a l  c h a r a c t e r i s t i c s  a n d  s t r u c t u r a l  f e a t u r e s  o f  t h e  i n s t r u m e n t  
u n d e r  d e s c r i p t i o n .  

L e t  a l u m i n o u s  f l u x  w i t h  i n t e n s i t y  o f  m p h o t o n s  p e r  s e c o n d  
b e  a d m i t t e d  on t h e  c a t h o d e  o f  t h e  p h o t o m u l t i p l i e r  w i t h  quantum 
e f f e c t i v e n e s s  o f  y .  The a v e r a g e  number of p h o t o e l e c t r o n s  ( m a t h e -  
m a t i c a l  e x p e c t a t i o n )  r e c o r d e d  i n  t h e  f o r m  o f  p u l s e s  o f  t h e  p h o t o -  
m u l t i p l i e r  c u r r e n t  i n  a t i m e  o f  t i s  t h e n  e q u a l  t o  t h e  f o l l o w i n g :  

where  i s  t h e  s t a t i s t i c a l  f r e q u e n c y  o f  t h e  p u l s e  s i g n a l .  
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S i n c e  t h e  p u l s e  s i g n a l  s e n t  f r o m  t h e  p h o t o m u l t i p l i e r  h a s  a 
t i m e  d i s t r i b u t i o n  s i m i l a r  t o  t h e  P o i s s o n  d i s t r i b u t i o n 1 ,  t h e  v a r i a n c e  
i n  F2 i s  e q u a l  t o  t h e  number o f  r e c o r d e d  p u l s e s  N. The r e l a t i v e  
r o o t - m e a n - s q u a r e  e r r o r  o f  a s i n g l e  m e a s u r e m e n t  i s  

I t  f o l l o w s  f r o m  (1) and ( 2 )  t h a t ,  t o  m e a s u r e  a l u m i n o u s  f l u x  w i t h  
i n t e n s i t y  of  n,  we mus t  r e c o r d  n o  f e w e r  t h a n  l /x2 p u l s e s ,  w h i l e  
t h e  t i m e  for a c c u m u l a t i o n  o f  t h e  p u l s e s  i s  

The a b o v e  r e l a t i o n s h i p s  a r e  v a l i d  o n l y  f o r  r e c o p d i n g  s y s t e m s  
w i t h  no  t i m e  l a g .  For t h e  a c t u a l  s y s t e m s ,  a s h o r t  r e c o v e r y  t i m e  
a f t e r  t h e  e f f e c t  o f  e a c h  r e c o r d e d  p u l s e  on them i s  c h a r a c t e r i s t i c .  

L e t  T b e  t h e  r e s o l v i n g  t i m e  o f  t h e  i n p u t  s y s t e m s  i n  t h e  c o u n t e r .  
The e x p r e s s i o n s  f o r  t h e  m a t h e m a t i c a l  e x p e c t a t i o n  and  v a r i a n c e  a r e  
t h e n  d e t e r m i n e d  i n  t h e  f o l l o w i n g  way [l]: 

71 t N - _  < -  
I 4- t1-C ' 
- 

where  N T  i s  t h e  number o f  p u l s e s  r e c o r d e d ,  f r o m  t h e  t o t a l  number o f  
p u l s e s  nt. E x p r e s s i o n s  ( 3 )  and  ( 4 )  d e t e r m i n e  t h e  m e a s u r e d  number 

The P o i s s o n  d i s t r i b u t i o n  i s  d e s c r i b e d  by  t h e  e x p r e s s i o n  
[ ' ( I f ,  t )  = -_ ( 2 ) U c -  - 2 

p u l s e s  i n  t h e  t i m e  i n t e r v a l  t. For t h e  P o i s s o n  d i s t r i b u t i o n ,  t h e  
d i s p e r s i o n  i s  e q u a l  t o  t h e  m a t h e m a t i c a l  e x p e c t a t i o n  9' - , 1 2 p ( n , t ) ; ~  ? I P ( I l ,  ! ) = ( I [ .  

For t h e  p h o t o m u l t i p l i e r  s i g n a l ,  t h e  d i s p e r s i o n s  i n  t h e  P o i s s o n  d i s -  
t r i b u t i o n  a r e  c a u s e d  m a i n l y  by two f a c t o r s :  v a r i a t i o n  i n  t h e  t r a n s i t  
t i m e  of  t h e  e l e c t r o n s  d u r i n g  m u l t i p l i c a t i o n  i n  t h e  dynode  s y s t e m  
a n d ,  a s  a r e s u l t ,  i m p o s s i b i l i t y  of  r e c o r d i n g  p u l s e s  w i t h  a s h o r t  
i n t e r v a l  and  f e e d b a c k  i n t o  t h e  p h o t o m u l t i p l i e r  i n  t h e  c o u n t i n g  
r e g i m e  ( o p t i c a l  and  i o n ) .  The f i r s t  f a c t o r  i m p o s e s  a f u n d a m e n t a l  
l i m T t  on u s i n g  t h e  p h o t o m u l t i p l i e r  i n  t h e  r e g i m e  o f  p h o t o n  c o u n t -  
i n g ;  t h e  l a t t e r  a r e  t h e  r e s u l t s  of  t h e  s t r u c t u r a l  and  t e c h n o l o g i c a l  
i m p e r f e c t i o n s  o f  t h e  p h o t o m u l t i p l i e r  and  a p p e a r  i n  s u b s t a n t i a l  
a m p l i f i c a t i o n s  o f  t h e  dynode  s y s t e m .  

where  P ( n , t )  i s  t h e  p r o b a b i l i t y  o f  i n c i d e n c e  o f  n 
n !  ' 

- 

n-0  ri 
,I -0 
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o f  p u l s e s  and  i t s  v a r i a t L o n .  I n  p r a c t i c e ,  w e  mus t  know t h e  t r u e  
- i n t e n s i t y  o f  t h e  s i g n a l  n and  i t s  r e l a t i v e  r o o t - m e a n - s q u a r e  error 
0. 

1, 
f - N;; . 

- 
I t  = ~ . -  

( 5 )  

D i f f e r e n t i a t i n g  Inn b y  N T ,  a n d  a s s u m i n g  t h a t  
J., we f i n d  t h a t  

= ANT a t  fi~ > >  

T h u s ,  t h e  r e l a t i v e  r o o t - m e a n - s q u a r e  e r r o r  i n  t h e  v a l u e  n 
d e p e n d s  o n l y  on t h e  number of p u l s e s  r e c o r d e d  by  t h e  s y s t e m ,  and  
d o e s  n o t  depend  on t h e  r e s o l v i n g  t i m e .  

An i m p o r t a n t  c a s e  i n  p r a c t i c e  i s  t h a t  when a n o i s e  s i g n a l  
w i t h  i n t e n s i t y  o f  Cn a c t s  t o g e t h e r  w i t h  t h e  m e a s u r e d  s i g n a l s  
( b a c k g r o u n d  o f  t h e  s k y ,  d a r k  c u r r e n t  o f  t h e  p h o t o m u l t i p l i e r ,  e t c . ) .  
S i n c e  b o t h  s i g n a l s  have  a P o i s s o n  d i s t r i b u t i o n ,  t h e i r  m a t h e m a t i c a l  
e x p e c t a t i o n  and  v a r i a n c e  a r e  summed u p :  

N , = N + - N  
/-- 

The r e q u i s i t e  o b s e r v a t i o n  t i m e  i s  

( 7 )  

The e r r o r s  examined  above  a r e  d u e  t o  t h e  s t a t i s t i c a l l y  random 
n a t u r e  o f  t h e  m e a s u r e d  s i g n a l ,  a n d  do n o t  i n c l u d e  e r r o r s  c o n n e c t e d  
w i t h  t h e  e x p e r i m e n t a l  c o n d i t i o n  ( i n s t a b i l i t y  o f  t h e  a t m o s p h e r e ,  
g u i d i n g  a c c u r a c y ,  c h a n g e  i n  a m p l i f i c a t i o n  o f  t h e  p l i o t o m u l t i p l i e r ) .  

L e t  t h e r e  b e  a P o l a r o i d - a n a l y z e r  r o t a t i n g  a t  an o p t i c a l  a n g u l a r  
f r e q u e n c y  o f  w = 271f i n  f r o n t  o f  t h e  p h o t o m u l t i p l i e r .  We a r e  e x -  
a m i n i n g  a l u m i n o u s  f l u x  w i t h  a v e r a g e  i n t e n s i t y  o f  no, m a g n i t u d e  
o f  p o l a r i z a t i o n  of P a n d  p l a n e  o f  p o l a r i z a t i o n  o f  a ,  s t a r t i n g  w i t h  
t h e  c o n d i t i o n a l  z e r o .  S i n c e  t h e  p r o b a b i l i t y  of  p e n e t r a t i o n  o f  a 
quantum w i t h  o r i e n t a t i o n  o f  y t o  t h e  p o l a r i z a t i o n  p l a n e  of t h e  
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a n a l y z e r  i s  e q u a l  t o  c o s 2  a c c o r d i n g  t o  t h e  Malus l a w ,  t h e  i n t e n s i t y  
of t h e  p u l s e  s i g n a l  i s  a f u n c t i o n  o f  t h e  t i m e :  

L e t  t h e  t i m e  f o r  a c c u m u l a t i o n  of  t h e  s i g n a l  b e  e q u a l  t o  T a n d  a 
m u l t i p l e  o f  t h e  v a l u e  7,  i . e . ,  1 

r n  T = = IIlT,, , 

where  m i s  t h e  number o f  r e v o l u t i o n s  of  t h e  a n a l y z e r  ( a t  m > 1 0 0 ,  
t h e  c o n d i t i o n  o f  m u l t i p l i c i t y  i s  n o t  e s s e n t i a l ) .  The f o l l o w i n g  
number o f  p u l s e s ,  on  t h e  a v e r a g e ,  i s  t h e n  a d m i t t e d  i n  a t i m e  o f  
T i n t o  t h e  m e a s u r i n g  s y s t e m :  

If t h e  s y s t e m  h a s  t i m e  s e l e c t i o n ,  and  f o r  t i m e  i n t e r v a l s  o f  [ ( k - 1 )  
2 k  - T O ]  ( f i r s t  h a l v e s  of t h e  p e r i o d s ) ,  where  k i s  an TO ¶ 2 

i n t e r g e r  a n d  1 S k S m ,  t h e  a d m i t t e d  p u l s e s  a r e  a d d e d ,  w h i l e  for 

t h e  i n t e r v a l s  of  c 
t h e  s y s t e m  o p e r a t e s  on s u b t r a c t i o n ,  t h e n  as  a r e s u l t  t h e  f o l l o w i n g  
s t a t i s t i c a l l y .  mean v a l u e  i s  r e c o r d e d :  

To, k T o ]  ( s e c o n d  h a l v e s  o f  t h e  p e r i o d s ) ,  2 k  - I 

.. 

P s i n  a. 2 NIL - - 
I 

- - 2 Tn N,=-  --O P s i n  a, 
7F N o  4 b. 

TO 1 
2k  - 1 2k  + 1 

4 T o  3 4 S i m i l a r l y ,  a d d i n g  t h e  p u l s e s  f o r  i n t e r v a l s  o f  [ 

( t h e  same a s  f o r  71, b u t  w i t h  a s h i f t  by  2) and  s u b t r a c t i n g  for t h e  

i n t e r v a l s  o f  [ 

71 

To], we o b t a i n  t h e  f o l l o w i n g :  2k + 1 4 k  + 1 
4 0  9 4 

The s i g n s  o f  t h e  v a l u e s  71 and  N2 c h a r a c t e r i z e  o n l y  t h e  q u a d r a n t  
i n  wh ich  t h e  a n g l e  a i s  f o u n d ,  and  a r e  d e t e r m i n e d  by  t h e  s e l e c t i o n  
of  t h e  i n i t i a l  p l a n e  o f  r e f e r e n c e .  T h e r e f o r e ,  when it i s  n o t  
f u n d a m e n t a l l y  i m p o r t a n t ,  we w i l l  d i s r e g a r d  t h e  s i g n s  o f  and  7 2 .  
E x p r e s s i o n s  (lo), (11) and ( 1 2 )  were  o b t a i n e d  b y  i n t e g r a t i o n  o v e r  
t o f  ( 9 )  w i t h i n  t h e  c o r r e s p o n d i n g  l i m i t s .  

A c t u a l l y ,  we h a v e  s u b s t i t u t e d  ( 9 )  i n t o  (11, a s s u m i n g  t h a t  
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t h e  t i m e  t i n  (1) i s  d i f f e r e n t i a l l y  s h o r t .  The v a l i d i t y  o f  t h i s  
s u b s t i t u t i o n  w i l l  b e  p r o v e n  when w e  c a l c u l a t e  t h e  v a r i a n c e  i n  t h e  
v a l u e s  mo, P I ,  7T2. 

L e t  u s  d i v i d e  t h e  i n t e r v a l  T O  ( t h e  t i m e  of o n e  o p t i c a l  r e v o l u -  
t i o n  of t h e  a n a l y z e r )  i n t o  Z e q u a l  i n t e r v a l s  8. The number of  
d i v i s i o n s  can  a l w a y s  b e  s e l e c t e d  as  s u f f i c i e n t l y  g r e a t  f o r  t h e  
nt i n  t h e  i n t e r v a l  8 t o  b e  i n d e p e n d e n t  of  t. 

L e t  f(y) b e  t h e  c h a r a c t e r i s t i c  f u n c t i o n  of  t h e  P o i s s o n  d i s -  
t r i b u t i o n  and  

Then f o r  t h e  k - t h  i n t e r v a l  ( 0  5 k - 1) 

C o n s i d e r i n g  t h e  m u t u a l  i n d e p e n d e n c e  of  t h e  a r r i v a l  o f  p u l s e s  
i n  t h e  i n t e g r a l s  o f  8 and t h e  p r o p e r t y  o f  t h e  c h a r a c t e r i s t i c  
f u n c t i o n  for t h e  sum o f  i n d e p e n d e n t  e v e n t s ,  we w i l l  f i n d  f(y) for 
t h e  i n t e r v a l  T o :  

I -  I 

L e t  m b e  t h e  number o f  r e v o l u t i o n s  o f  t h e  a n a l y z e r .  U s i n g  
t h e  same p r o p e r t y  o f  t h e  c h a r a c t e r i s t i c  f u n c t i o n  a g a i n  for t h e  
i n t e r v a l  T ,  we f i n d  t h e  f o l l o w i n g :  

The m a t h e m a t i c a l  e x p e c t a t i o n  o f  ( a v e r a g e  s i g n i f i c a n c e  o f  
t h e  random v a l u e )  a n d  t h e  v a r i a n c e  x2 a r e  c o n n e c t e d  w i t h  t h e  
c h a r a c t e r i s t i c  f u n c t i o n  b y  t h e  f o l l o w i n g  r e l a t i o n s h i p s :  

D i f f e r e n t i a t i n g  ( 1 4 )  t w i c e  and  s u b s t i t u t i n g  t h e  r e s u l t s  i n t o  
( 1 5 )  a n d  ( 1 6 1 ,  w e  u l t i m a t e l y  f i n d  t h e  f o l l o w i n g  a t  y = 0: 

187 



IIII II I 1111.11111 I1 1111111.1111 1 1 1 1 - 1 1  111..1 I.,--- 

T h i s  c o i n c i d e s  w i t h  (10). We a l s o  f i n d  t h e  r o o t - m e a n - s q u a r e  d e -  
v i a t i o n ,  i . e . ,  

T h u s ,  t h e  h a r m o n i c a l l y  m o d u l a t e d  s i g n a l  i n  t h e  i n t e r v a l  T 
b e h a v e s  i n  t h e  same way a s  a s i g n a l  w i t h  i n t e n s i t y  o f  n o  d i s -  
t r i b u t e d  a c c o r d i n g  t o  t h e  P o i s s o n  l a w ,  w h i c h  a l s o  f o l l o w s  f rom 
a c o m p a r i s o n  o f  ( 1 2 )  and  ( 1 5 ) .  

C a r r y i n g  o u t  a n a l o g o u s  o p e r a t i o n s  f o r  t h e  f i r s t  and  s e c o n d  
h a l f - p e r i o d s  i n  m i n t e r v a l s ,  s u b t r a c t i n g  t h e  m a t h e m a t i c a l  e x p e c t a -  
t i o n s  and  a d d i n g  t h e  d i s p e r s i o n s  ( t h e  s i g n a l s  a r e  i n d e p e n d e n t  a n d  
d i s t r i b u t e d  a c c o r d i n g  t o  t h e  P o i s s o n  l a w ) ,  w e  h a v e  t h e  f o l l o w i n g  
for N 1 :  

"A i \  . w 9  N,=t1,BPsin ( a - - j C O " C - ,  
2 (19 1 

2 - .  N, = k- N,P  s in  a ,  

which  c o i n c i d e s  w i t h  (11). 

I t  f o l l o w s  from ( 1 9 )  t h a t  t h e  a b s o l u t e  r o o t - m e a n - s q u a r e  e r r o r  
i n  measu remen t  o f  t h e  p o l a r i z a t i o n  component  d o e s  n o t  depend  on 
t h e  m a g n i t u d e  o f  p o l a r i z a t i o n  or t h e  a n g l e  a .  

L e t  u s  examine  t h e  p r o b l e m  o f  t h e  e f f e c t  o f  t h e  r e s o l v i n g  t i m e  
o f  t h e  c i r c u i t  on  a d e t e r m i n a t i o n  o f  t h e  p o l a r i z a t i o n  componen t s  
P s i n  a and  P c o s  a .  For t h i s ,  we w i l l  s u b s t i t u t e  ( 9 )  i n t o  (3), 
on  t h e  a s s u m p t i o n  t h a t  T > >  T ,  and  i n t e g r a t i n g  f r o m  0 t o  2 n ,  we 
o b t a i n  t h e  f o l l o w i n g  
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We w i l l  f i n d  VI, a s  t h e  d i f f e r e n c e  i n  i n t e g r a l s  w i t h  l i m i t s  o f  
L O ,  T I  a n d  L v , 2  TI: 

D i s r e g a r d i n g  o r d e r s  o f  m a g n i t u d e s  of  (no - r l 3 ,  we f i n d  t h a t  

For v a l u e s  o f  P < 0 . 3 ,  t h e  t e r m  E* c a n  a l m o s t  a l w a y s  b e  d i s r e g a r d e d .  2 

S i m i l a r l y ,  we h a v e  t h e  f o l l o w i n g  f o r  t h e  component  P c o s  a :  

I n  m e a s u r i n g  l o w  l u m i n o u s  f l u x e s ,  t h e  m a g n i t u d e  o f  t h e  d a r k  
c u r r e n t  a n d  t h e  s t a b i l i t y  of  t h e  n o i s e  l e v e l  of t h e  p h o t o m u l t i p l i e r  
a r e  s u b s t a n t i a l .  T h i s  p r o b l e m ,  as  w e l l  a s  t h e  p r o b l e m  of  t h e  amp- 
l i t u d i n a l  d i s t r i b u t i o n  o f  t h e  p h o t o m u l t i p l i e r  p u l s e s ,  a r e  examined  
i n  d e t a i l  i n  [ 2 ] .  We w i l l  m e r e l y  m e n t i o n  t h a t  t h e  b e s t  e x a m p l e s  
o f  p h o t o m u l t i p l i e r s  a r e  t h o s e  w i t h  c l e a r l y  p r o n o u n c e d  c o m p u t i n g -  
c h a r a c t e r i s t i c  p a n e l s  and w i t h  a r a t i o  b e t w e e n  t h e  m a g n i t u d e  o f  
d a r k  c u r r e n t  i n  t h e  d i r e c t - c u r r e n t  measu remen t  r e g i m e  and  t h e  
number o f  p u l s e s  r e c o r d e d  i n  t h e  r e g i m e  of p h o t o n  c o u n t i n g  d u r i n g  
m e a s u r e m e n t s  u n d e r  c o m p a r a b l e  c o n d i t i o n s  wh ich  i s  c l o s e  t o  u n i t y .  

The i n i t i a l  p h o t o m u l t i p l i e r  r e g i m e  i s  s e l e c t e d  a t  t h e  m i d d l e  
o f  t h e  c o m p u t i n g - c h a r a c t e r i s t i c  p a n e l .  O b v i o u s l y ,  t h e  p h o t o m u l -  
t i p l i e r  s h o u l d  o p e r a t e  w i t h  l e a s t  p o s s i b l e  a m p l i f i c a t i o n ,  and  t h e  
l a t t e r  s h o u l d  b e  c o m p e n s a t e d  i n  t h e  r e c o r d i n g  p a r t  o f  t h e  p h o t o -  
m e t e r .  The p u l s e  a m p l i t u d e  a t  t h e  p h o t o m u l t i p l i e r  a n o d e  U d e p e n d s  
o n  t h e  a m p l i f i c a t i o n  of t h e  dynode  s y s t e m  M a n d  t h e  t o t a l  c a p a c i -  
t a n c e  C a c t i n g  i n  t h e  a n o d e  c i r c u i t ,  i . e . ,  

eA i 
C 

iJ=--. ( 2 3 )  

Here e is t h e  e l e c t r o n  c h a r g e .  
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E x p r e s s i o n  ( 2 3 )  i s  va lHd  i f  t h e  t i m e  c o n s t a n t  of  t h e  anode  
c i r c u i t  is much g r e a t e r  t h a n  t h e  d u r a t i o n  o f  t h e  p u l s e  o f  t h e  
a n o d e  c u r r e n t .  

The s e n s i t i v i t y  o f  t h e  s i g n a l  a m p l i f i e r  o f  t h e  p h o t o m u l t i p l i e r  
s h o u l d  b e  s u c h  t h a t  p u l s e s  w i t h  a m p l i t u d e  a f a c t o r  o f  2-3 l e s s  t h a n  
t h a t  c a l c u l a t e d  a c c o r d i n g  t o  ( 2 3 )  c a n  b e  r e c o r d e d  r e l i a b l y .  Modern 
m u l t i p l i 6 r s  a l l o w  u s  t o  o b t a i n  a m p l i f i c a t i o n  up t o  5 . 1 0 6 .  The 
c a p a c i t a n c e  a c t i n g  i n  t h e  a n o d e  c i r c u i t  u s u a l l y  d o e s  n o t  e x c e e d  
10-l1F, The a v e r a g e  s i g n a l  a m p l i t u d e  i s  t h e n  o b t a i n e d  a c c o r d i n g  
t o  ( 2 3 )  as a b o u t  0 . 1  V .  The d i s c r i m i n a t i o n  t h r e s h o l d  o f  t h e  i n p u t  
a m p l i f i e r s  i s  l e s s  t h a n  0 . 0 1  V i n  t h e  i n s t r u m e n t  b e i n g  d e s c r i b e d .  

A s  h a s  b e e n  shown [ ( 2 ) ,  ( 6 )  and  ( 1 9 1 1 ,  t h e  r e l a t i v e  r o o t - m e a n -  
s q u a r e  d e v i a t i o n  i n  a u n i t  measu remen t  b o t h  i n  t h e  p h o t o m e t r i c  
and  t h e  p o l a r i m e t r i c  r e g i m e s  d e p e n d s  o n l y  on t h e  number o f  p u l s e s  
a c c u m u l a t e d  i n  t h e  c o u n t e r .  For m o s t  p o l a r i m e t r i c  p r o b l e m s  and  
i n  some c a s e s  o f  p h o t o m e t r y  (for e x a m p l e ,  when t h e  n o i s e - t o - s i g n a l  
r a t i o  i s  Fn/n > l), t h e  measu remen t  e r r o r  s h o u l d  n o t  e x c e e d  0 . 1 % .  
T h e r e f o r e ,  we c a n  d e t e r m i n e  t h e  r e q u i s i t e  c a p a c i t a n c e  of t h e  c o u n t e r  
f rom ( 2 ) .  I n  o u r  i n s t r u m e n t s ,  t h e  t o t a l  c a p a c i t a n c e  o f  c h a n n e l s  
I and  I1 i s  e q u a l  t o  1 . 0 2 4 ' 1 0 6 ,  w h i l e  t h e  t h r e e  h i g h - o r d e r  d e c i m a l  
d i g i t s ,  wh ich  a r e  a l s o  t r a n s f e r r e d  t o  t h e  p r i n t i n g  d e v i c e ,  beai .  
t h e  u s e f u l  i n f o r m a t i o n .  On t h e  o t h e r  h a n d ,  u s i n g  t h e  l o w e s t  
l u m i n o u s  f l u x e s  i n  a measu remen t  w i t h  s t a t i s t i c a l  e r r o r  o f  6 % ,  
we c a n  f i n d  f rom ( 2 )  t h e  r e q u i s i t e  number of  r e c o r d e d  p u l s e s  a s  
2 8  a n d ,  a s s u m i n g  t h a t  t h e  a b s o l u t e  r o o t - m e a n - s q u a r e  e r r o r  ( 2 4 )  i s  
e q u a l  t o  t h e  s c a l e  o f  t h e  d i g i t s  n o t  r e c o r d e d ,  we c a n  f i n d  t h e  
minimum c a p a c i t a n c e  o f  t h e  c h a n n e l s  a s  1 . 6 ~ 1 0 ~ .  

An i m p o r t a n t  a d v a n t a g e  of  t h e  method o f  p h o t o n  c o u n t i n g  i s  
t h e  f a c t  t h a t  t h e  method i t s e l f  d o e s  n o t  impose  a n y  f u n d a m e n t a l  
l i m i t a t i o n s  d u r i n g  m e a s u r e m e n t s  of  a r b i t r a r i l y  l o w  f l u x e s .  The 
s e n s i t i v i t y  t h r e s h o l d  i s  d u e  t o  t h e  m a g n i t u d e  o f  t h e  n o i s e  s i g n a l  
and  t h e  a d m i s s i b l e  t i m e  f o r  a c c u m u l a t i o n  o f  t h e  s i g n a l ,  wh ich  
s h o u l d  n o t  e x c e e d  1 5  min a c c o r d i n g  t o  d i f f e r e n t  t h e o r i e s .  On t h e  
o t h e r  h a n d ,  i n  m e a s u r i n g  r e l a t i v e l y  h i g h  f l u x e s  t h e  t h r e s h o l d  b e -  
comes t h e  r e s o l v i n g  t i m e  o f  t h e  i n p u t  d e v i c e s  o f  t h e  i n s t r u m e n t .  
I n  d e s i g n i n g  t h e  i n s t r u m e n t ,  w e  t o o k  a l i m i t  c a p a c i t a n c e  f o r  r e a d -  
i n g  s t a t i s t i c a l  s i g n a l s  a t  a f r e q u e n c y  o f  2 0 0  kHz f o r  r e s o l v i n g  
t i m e  o f  1 0 0  n s e c .  T h u s ,  c o n s i d e r i n g  a measu remen t  o f  s i g n a l s  w i t h  
i n t e n s i t y  o f  1 0  p u l s e / s e c  t o  b e  p o s s i b l e  u n d e r  a d v a n t a g e o u s  c o n d i -  
t i o n s ,  we w i l l  m e n t i o n  t h a t  t h e  i n s t r u m e n t  a l l o w s  U S  t o  c a r r y  o u t  
p h o t o m e t r i c  s t u d i e s  o f  l u m i n o u s  f l u x e s  i n  a r a n g e  g r e a t e r  t h a n  
10 s t e l l a r  m a g n i t u d e s  

The t r a n s i t i o n  f rom t h e  p h o t o m e t e r  r e g i m e  t o  t h e  p o l a r i m e t e r  
r e g i m e  i s  c a r r i e d  o u t  w i t h  t h e  a i d  o f  a t u m b l e r  s w i t c h  wh ich  
g e n e r a t e s  t h e  c o r r e s p o n d i n g  p o t e n t i a l s .  The l a t t e r  c a r r y  o u t  t h e  
s t r u c t u r a l  r e a r r a n g e m e n t  of  t h e  f l o w  c h a r t .  
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It i s  more c o n v e n i e n t  t o  b e g i n  t h e  d e s c r i p t i o n  of t h e  b l o c k  
d i a g r a m  w i t h  a n  e x a m i n a t i o n  o f  t h e  f u n c t i o n  of  t h e  d e s i g n  of t h e  
i n s t r u m e n t  i n  t h e  r e g i m e  o f  t h e  t w o - c h a n n e l  p h o t o m e t e r ,  ( F i g .  1). 
C h a n n e l s  I and  11, a n d  t h e  " c l o c k "  c h a n n e l  a r e  u s e d  i n  t h i s  
r e g i m e .  The f i r s t  two a re  c o m p l e t e l y  i d e n t i c a l  and  a r e  i n t e n d e d  
f o r  s y n c h r o n o u s  measu remen t  o f  t h e  i n t e n s i t y  o f  l u m i n o u s  f l u x e s  
a d m i t t e d  f r o m  t h e  two p h o t o m u l t i p l i e r s  PM-1 a n d  PM-2. The PM 
s i g n a l s  a r e  a m p l i f i e d  by  t h e  p u l s e  a m p l i f i e r s ,  fo rmed  i n  t e r m s  
of d u r a t i o n  a n d  a m p l i t u d e ,  and  s e n t  t h r o u g h  t h e  c o n t r o l  g a t e s  
G1 and  G, t o  t h e  c o u n t i n g  c h a n n e l s ,  e a c h  of wh ich  c o n s i s t s  of 
t h r e e  g r o u p s  o f  c o u n t e r s  (FM, O C ,  C) a n d  t h e  o v e r f l o w  b i t .  The 
c o u n t e r s  C - I  and  C - I 1  a r e  t h e  p r i n c i p a l  o n e s  a n d  a r e  t r a n s f e r r e d ,  
t o g e t h e r  w i t h  t h e  o v e r f l o w  b i t ,  o n t o  t h e  p r i n t e r .  The t h i r d  
c h a n n e l  c a r r i e s  o u t  t h e  f u n c t i o n  of t h e  e l e c t r o n i c  c l o c k  a s s i g n i n g  
t h e  t i m e  f o r  s t o r a g e  o f  t h e  m e a s u r e d  s i g n a l s .  The r e f e r e n c e  f r e -  
quency  of  t h e  t i m e r  i s  p r o d u c e d  b y  a t h e r m o s t a t e d  q u a r t z - c r y s t a l  
o s c i l l a t o r  w i t h  p u l s e  f r e q u e n c y  o f  72 kHz. T h i s  sLgna1  i s  s e n t  
t o  t h e  f r e q u e n c y  d i v i d e r  w i t h  o v e r f i l l  c o e f f i c i e n t  o f  720 .  The 
f r e q u e n c y  d i v i d e r  h a s  o u t p u t s  o f  t h e  f o l l o w i n g  f r e q u e n c i e s :  24 ,  
1 2 ,  2 . 4  kHz;  8 0 0 ,  4 0 0 ,  2 0 0  and  1 0 0  k H z ,  w h i c h  a r e  u s e d  i n  d i f f e r -  
e n t  p a r t s  o f  t h e  i n s t r u m e n t .  A f r e q u e n c y  o f  1 0 0  Hz i s  s e n t  t h r o u g h  
t h e  c o n t r o l l e d  g a t e  t o  a 5 - b i t  d e c a d e  c o u n t e r  ( t i m e r  u n i t ) ,  t h e  
t h r e e  h i g h - o r d e r  d e c a d e s  o f  which  a r e  t h e  p r i n c i p a l  o n e s  and  a r e  
t r a n s f e r r e d  t o  t h e  p r i n t e r .  The f r e q u e n c y  s e n t  t o  t h e  i n p u t  o f  
t h e  p r i n c i p a l  d e c a d e s  d e p e n d s  on  t h e  p o s i t i o n  o f  t h e  t h r e e - p o s i t i o n  
s w i t c h  (100, 1 0 ,  1 H z ) .  Moreove r ,  t h e  c o i n c i d e n c e  c i r c u i t  w h i c h  
g e n e r a t e s  t h e  o u t p u t  p u l s e  f o r  t h e  c o u n t  s t o p  upon r e a l i z a t i o n  o f  
a c o d e  i n  t h e  d e c a d e  wh ich  c o i n c i d e s  w i t h  t h e  code  o f  t h e  k e y -  
a c t u a t e d  t i m e  s e l e c t o r  ( f r o m  0 t o  9 ) ,  o p e r a t e s  t o g e t h e r  w i t h  t h e  
h i g h - o r d e r  d e c a d e  o f  t h e  t i m e r .  To o b t a i n  p r e l i m i n a r y  i n f o r m a t i o n  
on t h e  measu red  f l u x e s ,  t h e  i n s t r u m e n t  d e s i g n  i n c l u d e s  an  R C M ,  
wh ich  i s  c o n n e c t e d  t o  a n y  m e a s u r i n g  c h a n n e l  ( w i t h  t h e  a i d  o f  t h e  
s w i t c h ) .  The r e f e r e n c e  f r e q u e n c y ,  i n  u n i t s  o f  wh ich  t h e  RCM i s  
g r a d u a t e d ,  i s  s e n t  t h r o u g h  t h e  band  s e l e c t o r  f rom t h e  f r e q u e n c y -  
d i v i d e r  u n i t .  

The i n s t r u m e n t a l  c i r c u i t  o p e r a t i n g  i n  t h e  p h o t o m e t e r  r e g i m e  
i s  p h a s e d  i n  t h e  f o l l o w i n g - w a y .  I n  i n i t i a l  s t a t e ,  g a t e s  G I ,  G 2 ,  
and  G 3  a r e  c l o s e d .  The " s t a r t "  p u l s e  c h a n g e s  t h e  s t a t e  o f  t h e  
s t o p  t r i g g e r ,  wh ich  o p e n s  t h e  g a t e s  t o  t h e  c o u n t i n g  c h a n n e l s  a n d  
t h e  t i m e r  g a t e s .  A r e s e t  p u l s e  i s  g e n e r a t e d  a t  t h e  same t i m e ,  
and  t h e  C - I ,  C - 1 1  a n d  t i m e r  u n i t s  a r e  r e s e t  t o  t h e i r  o r i g i n a l  
s t a t e .  The c o u n t i n g  i n  t h e  c h a n n e l s  i s  c a r r i e d  o u t  u n t i l  t h e  
a r r i v a l  o f  t h e  s t o p  p u l s e ,  wh ich  i s  p r o d u c e d  when t h e  p r e s e t  s u r g e  
t i m e  i s  r e a c h e d  ( t h e  s i g n a l  i s  s e n t  f rom t h e  t i m e r  u n i t )  and  t h e r e  
i s  o v e r f l o w  o f  o n e  o f  t h e  c o u n t e r s  ( t h e  s i g n a l  i s  d e v e l o p e d  a c c o r d -  
i n g  t o  t h e  s i g n  tllTf o f  t h e  o v e r f l o w  b i t  o f  t h e  c o r r e s p o n d i n g  
c o u n t e r ) .  The h a l t  c a n  b e  a c c o m p l i s h e d  m a n u a l l y  w i t h  t h e  ' l S t p ' f  
b u t t o n .  The s t o p  p u l s e  r e s e t s  t h e  s t o p  t r i g g e r  i n  i t s  i n i t i a l  
s t a t e  a n d  d e v e l o p s  t h e  p u l s e  wh ich  t u r n s  on  t h e  p r i n t e r .  I n  t h e  
i n s t r u m e n t  b e i n g  d e s c r i b e d ,  t h e r e  i s  a p r i n t e r  o f  t h e  B Z - 1 5  t y p e ,  
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which  r e c o r d s  e l e v e n - b i t  d e c i m a l  c o d e s  w i t h  p a r a l l e l  i n p u t .  

b 

I 
Q O  B C  

I 

I l l  
Clock 

b 

I 
Q O  B C  

I 

lfsJ d PPA-T El 

F i g .  1. S c h e m a t i c  Diagram of  I n s t r u m e n t  O p e r a t i n g  i n  P h o t o m e t e r  
Regime ( P M - P h o t o m u l t i p l i e r s ;  P P A - P h o t o m u l t i p l i e r  P u l s e  A m p l i f i e r ;  
FM-Flow M e t e r s ;  C-Decimal  C o u n t e r s ;  T s t - S t o p  T r i g g e r ;  P R - P r i n t e r ;  
QO-Quant iz ing  C r y s t a l  O s c i l l a t o r ;  72 kHz; FD-Frequency D i v i d e r ;  
RCM-Rate Count  M e t e r ;  F S - S t a n d a r d - F r e q u e n c y  S e l e c t o r  of  t h e  R C M ;  
ES-Exposure  S e l e c t o r ;  I - P u l s e ;  P - P o t e n t i a l ;  D I - I 1  and  D 2 - I - P r e l i m -  
i n a r y  T imer  D e c a d e ) .  

The t i m e r  i n d i c e s  c o r r e s p o n d i n g  t o  t h e  s e l e c t e d  s t o r a g e  t i m e  a r e  
r e c o r d e d  i n  t h e  1 1 - t h ,  1 0 - t h  and  9 - t h  b i t s  i f  t h e  s t o p  t a k e s  p l a c e  
a c c o r d i n g  t o  t h e  s i g n a l  o f  t h e  t i m e r  u n i t ,  o r  t h e  t i m e  i n t e r v a l  
b e f o r e  o v e r f l o w  i f  t h e  h a l t  o c c u r s  w i t h  o v e r f l o w .  The s t a t e  of  
t h e  o v e r f l o w  b i t s  i s  r e c o r d e d  i n  t h e  8 - t h  a n d  4 - t h  b i t s .  The 
i n d i c e s  of u n i t s  C - I  and  C - I 1  a r e  r e c o r d e d  i n  t h e  7 - t h ,  6 - t h ,  
5 - t h ,  3 - r d ,  2-nd a n d  1 -s t  b i t s ,  r e s p e c t i v e l y .  

D u r i n g  o p e r a t i o n  i n  t h e  r e g i m e  o f  i n f o r m a t i o n  r e a d - o u t ,  1 0  
p r e - c o u n t  p u l s e s  g e n e r a t e d  s y n c h r o n o u s l y  w i t h  t h e  r o t a t i o n  o f  
t h e  d i g i t  drum a r e  s e n t  f rom t h e  P R Y  w h i l e  t h e  d i g i t s  p a s s  u n d e r  
t h e  p r i n t i n g  hammers i n  r e v e r s e  o r d e r .  The p r e - c o u n t  p u l s e s  a r e  
s e n t  s i m u l t a n e o u s l y  t o  a l l  o f  t h e  b i t s  o f  t h e  u n i t s  C - I ,  C - I 1  
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F i g .  2 .  Block-Diagram o f  t h e  I n s t r u m e n t  O p e r a t i n g  o n  
t h e  P o l a r i m e t e r  Regime. (A) P o l a r o i d ;  (SM) Synchronous  
Motor;  (PA) Power A m p l i f i e r ;  ( G )  G a t e s ;  (OB) Overf low 
B i t ;  fLB) I n v e r s i o n  Block;  ( F M - I ) ,  ( O C - I ) ,  ( C - I )  
A u x i l i a r y  P o l a r i z a t i o n  C h a n n e l s .  



a n d  t h e  t i m e r ,  a n d  are  p r i n t e d .  The c o n n e c t i o n s  b e t w e e n  d e c a d e s  
a re  b l o c k e d  b y  t h e  s t o p  t r i g g e r .  The. o u t p u t  p u l s e s  o f  t h e  d e c a d e s  
and  o v e r f l o w  b i t s  c o n t r o l  t h e  c o r r e s p o n d i n g  PR-hammers.  If t h e  
number a i s  w r i t t e n  i n  a g i v e n  b i t ,  t h e n  t h e  o u t p u t  p u l s e  a p p e a r s  
i n  t h e  k - t h  p r e - c o u n t  p u l s e  where  a + k = 1 0 .  S i n c e  t h e  k - t h  p r e -  
c o u n t  p u l s e  c o r r e s p o n d s  t o  t h e  ( l O - k ) - t h  d i g i t  o f  t h e  drum,  t h e  
number a i s  w r i t t e n  o u t  i n  t h e  g i v e n  b i t .  A f t e r  r e - a d - o u t  of t h e  
i n f o r m a t i o n  f r o m  t h e  P R ,  a p u l s e  i s  sen t  f o r  t e r m i n a t i o n  o f  t h e  
p r i n t i n g .  T h i s  p u l s e  g e n e r a t e s  t h e .  " s ta r t "  p u l s e  t h r o u g h  t h e  
t u m b l e r  s w i t c h  f o r  t h e  r e g i m e  of  " A u t o m a t i c - S i n g l e "  m e a s u r e m e n t s .  
F o r  s i n g l e  m e a s u r e m e n t s ,  t h e  "start" p u l s e  i s  s e n t  t o  t h e  s t o p  
t r i g g e r  t h r o u g h  t h e  " s t a r t "  b u t t o n .  

The p r i n c i p l e  of h a r m o n i c  m o d u l a t i o n  by t h e  a n a l y z e r  o f  t h e  
p o l a r i z a t i o n  component  o f  t h e  e m i t t e d  l u m i n o u s  f l u x  a n d  s u b s e q u e n t  
s y n c h r o n o u s  two h a l f - p e r i o d  d e t e c t i o n  of t h e  s i g n a l  w i t h  a r b i t r a r y  
i n i t i a l  p h a s e  u n d e r l i e s  t h e  me thod  o f  m e a s u r i n g  p o l a r i z a t i o n  i n  
t h e  i n s t r u m e n t  b e i n g  d e s c r i b e d .  I n  t h i s  c a s e ,  t h e  o r t h o g o n a l  
c o m p o n e n t s  of t h e  p o l a r i z a t i o n  v e c t o r  are  d e t e r m i n e d  d i r e c t l y .  
A b l o c k  d i a g r a m  o f  t h e  i n s t r u m e n t  o p e r a t f n g  o n  t h e  p o l a r i m e t e r  
regime i s  g i v e n  i n  F i g u r e  2 .  The P o l a r o i d  a n a l y z e r  i s  p u t  i n t o  
r o t a t i o n  b y  a s y n c h r o n o u s  m o t o r ,  t h e  v o l t a g e  o n  w h i c h  i s  s u p p l i e d  
t h r o u g h  t h e  power a m p l i f i e r  f r o m  the  s y n c h r o n o u s  d e t e c t o r .  The 
a m p l i f i e d  PM s i g n a l  i s  s e n t  d i r e c t l y  t h r o u g h  g a t e  GI t o  t h e  i n p u t  
o f  C h a n n e l  I a n d  t h r o u g h  g a t e s  G 4  - G 7 ,  w h i c h  a re  c o n t r o l l e d  b y  
t h e  s y n c h r o n o u s  d e t e c t o r ,  t o  c h a n n e l s  I a n d  11. C h a n n e l s  I a n d  
I1 o p e r a t e  i n  r e v e r s e  p h a s e .  A d i r e c t  c o u n t  i s  made when the  
g a t e s  G 4  a n d  G 6  are  o p e n ,  a n d  a r e v e r s e  c o u n t  when t h e  g a t e s  G 5  
a n d  G 7  are  o p e n .  The  t i m e  d i a g r a m  r e p r e s e n t e d  i n  F i g u r e  3 i l l u s t -  
r a t e s  t h e  o p e r a t i o n  -of t h e  s y n c h r o n o u s  d e t e c t o r .  

F i g .  3 .  T i m e  Diagram of t h e  O p e r a t i o n  o f  t h e  S y n c h r o n o u s  
D e t e c t o r .  ( T  - P e r i o d  o f  O p t i c a l  M o d u l a t i o n  o f  t he  S T g n a l ;  
t h e  R e c t a n g l e s  C o r r e s p o n d  t o  T i m e  I n t e r v a f s  When t h e  C o r r e s p o n d -  
i n g  G a t e  i s  Open) .  
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A S  a a n  b e  s e e n  f r o m  F i g u r e  3 ,  t h e  g a t e s  t o  e a c h  c h a n n e l  a r e  
a n t i p h a s e d .  The t i m e  s h i f t  be2ween c h a n n e l s  i s  e q u a l  t o  v / 2 .  

L e t  US examine  t h e  s p a c i n g  6f  t h e  i n s t r u m e n t  o p e r a t i n g  on  
t h e  p o l a r i m e t e r  r e g i m e .  We s h o u l d  m e n t i o n  t h a t ,  t o  s i m p l i f y  
r e a d i n g  F i g u r e  2 ,  w e  do n o t  show t h e  c i r c u i t s  f o r  s t a r t ,  r e s e t  
and  i n f o r m a t i o n  r e a d - o u t  on t h e  PR. T h e r e  e f f e c t  i s  i d e n t i c a l  
i n  b o t h  i n s t r u m e n t a l  r e g i m e s .  

The c o u n t i n g  i s  s t o p p e d  by  t h e  s i g n  o f  l o a d i n g  o f  C h a n n e l  I ,  
i n  wh ich  t h e  e n t i r e  s i g n a l  s e n t  f rom t h e  p h o t o m u l t i p l i e r  i s  s t o r e d .  
The t i m e r  c h a n n e l  r e c o r d s  t h e  t i m e  i n t e r v a l  d u r i n g  wh ich  t h e  s i g n a l  
w a s  s t o r e d  i n  C h a n n e l  I .  The s c a l i n g  f a c t o r  o f  C h a n n e l  I i s  c l o s e -  
l y  c o n n e c t e d  w i t h  t h e  s c a l i n g  f a c t o r s  o f  C h a n n e l s  I and  I1 a n d  
s e l e c t e d  s o  t h a t  t h e  p o l a r i z a t i o n  v e c t o r  componen t s  s t o r e d  i n  
C h a n n e l s  I a n d  I1 a r e  e x p r e s s e d  i n  u n i t s  o f  t h e  a v e r a g e  s i g n a l  
i n t e n s i t y .  I n  t h e  p o l a r i m e t e r  r e g i m e ,  t h e  o v e r f l o w  b i t s  f u l f i l l  
t h e  f u n c t i o n  of  s i g n  b i t s  o f  t h e  c o r r e s p o n d i n g  p o l a r i z a t i o n  v e c t o r  
c o m p o n e n t s .  The n e g a t i v e  numbers  i n  t h e  b i n a r y - d e c i m a l  c o u n t e r s  
a r e  r e c o r d e d  i n  a s u p p l e m e n t a r y  c o d e .  T h e r e f o r e ,  b e f o r e  p r i n t i n g  
o u t  t h e  n e g a t i v e  number ,  i t  mus t  be  c o n v e r t e d  i n t o  d i r e c t  c o d e .  
The c o n v e r s i o n  i s  made a l o n g  t h e  f o l l o w i n g  scheme:  " s u p p l e m e n t a r y -  
r e v e r s e - d i r e c t "  c o d e .  To c o n v e r t  t h e  number f r o m  t h e  s u p p l e m e n t a r y  
t o  t h e  r e v e r s e  c o d e ,  i t  i s  n e c e s s a r y  t o  a d d  o n e  t o  e a c h  b i t  of t h e  
c o u n t e r ,  e x c e p t  t h e  l o w - o r d e r  o n e ,  on t h e  c o n d i t i o n  t h a t  z e r o  i s  
n o t  i n  t h e  p r e c e d i n g  b i t .  The c o n n e c t i o n s  b e t w e e n  b i t s  s h o u l d  b e  
b l o c k e d .  C o n v e r s i o n  f r o m  t h e  r e v e r s e  t o  t h e  d i r e c t  c o d e  i s  accom- 
p l i s h e d  by  r e p l a c i n g  t h e  code  o f  e a c h  b i t  b y  i t s  complement  up t o  
t e n .  The numbers  0 and  5 ,  which  have  i d e n t i c a l  r e p r e s e n t a t i o n  i n  
t h e  r e v e r s e  and  d i r e c t  c o d e s ,  a r e  n o t  i n v e r t e d  ( f o r  e x a m p l e ,  a 
n e g a t i v e  number i n  t h e  c o m p l i m e n t a r y  c o d e  o f  9 4 0 ,  i n  t h e  r e v e r s e  
0 4 0 ,  i n  t h e  d i r e c t  0 6 0 ) .  The i n v e r s i o n  o p e r a t i o n s  a r e  c a r r i e d  
o u t  a f t e r  t h e  d a r k  p u l s e  a n d  a r e  t e r m i n a t e d  b e f o r e  t h e  a r r i v a l  
o f  t h e  f i r s t  p r e - c o u n t  p u l s e  of t h e  P R .  

F i g .  4 .  P h o t o m u l t i p l i e r  P u l s e  A m p l i f i e r .  ( T I  - T 3 )  T r i o d e s  P416-B; 
(D1)  T u n n e l  Diode  ZI301-V; (D2) Diode  D - 1 2 ;  (al,Z1) I n p u t ;  ( b l )  Out -  
p u t ;  (PC) P u l s e  C o n v e r t e r s ,  R 1 ,  Rq, R12, R14, R16, R22 = 5 1  k0hm; 
R2 = 1 1 0  k0hm; R3, R19 = 5 1 0  Ohm, R4 = 1 6 0  k0hm; R5, R7 = 3 9 0  Ohm; 
R8 = 22 k0hm; Rlo = 1 kOhm, R11, R13 = 1 0  kOhm, R15 = 1 . 2  kOhm, R17 
= 3 kOhm, R18 =470 Ohm, R20, R24, R25 = 9 1  Ohm, R23 = 4 .7  kOhm, C1, 
c , y  c4, c8 = 1 0 0 0  p f ,  c2 = 5 1 0  f ,  c5, c6, c7 = 360 f y  CCJ = 330 f ,  
ClO, c11 = 2 2 0  f .  
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The i n s t r u m e n t a l  d e s i g n  i n c l u d e s  a s p e c i a l  d e v i c e  by which  
t e s t s  a r e  c a r r i e d  o u t  b o t h  f o r  t h e  e n t i r e  i n s t r u m e n t  on t h e  who le  
a n d  f o r  s e p a r a t e  p a r t s .  The t e s t - p r o b l e m s  a r e  d i v i d e d  i n t o  two 
g r o u p s :  t h e  f i r s t  g r o u p  i s  i n t e n d e d  f o r  c h e c k i n g  t h e  c o r r e c t  o p e r a -  
t i o n  o f  t h e  i n s t r u m e n t ,  a n d  t h e  s e c o n d  g r o u p  i s  i n t e n d e d  for 
o p e r a t i v e  l o c a l i z a t i o n  o f  t h e  break-down s i t e .  F o r m a t i o n  o f  t h e  
p u l s e s  for t h e  t e s t - p r o b l e m s  i s  a c c o m p l i s h e d  b y  a t r i p l e - p u l s e  
s h a p e r ,  t h e  s c h e m a t i c  d i a g r a m  o f  wh ich  i s  g i v e n  i n  F i g u r e  4 .  

br I 

I 

i 
i 

F i g .  5 .  T r i p l e - P u l s e  S h a p e r .  (T1-  T3)  T r i o d e s  P416-B; (D1) Diode  
D-91; (D2 - D4) T u n n e l  D i o d e s  ZI301V; R1 = 3 . 6  kOhm, R, = 6 8 0  Ohm, 
R 3  = 9 1  Ohm, R 4  = 8 2 0  Ohm, R g ,  R ~ o  = 5 1  Ohm, R g ,  R 7  = 470 Ohm, 
R 8  = 9 1  kOhm, 119 = 1 . 2  kOhm, C 2 ,  C 4  = 1 0 0 0  f, C3 = 2 4 ,  C5 = 360 f ,  
d l - I n p u t  P u l s e .  

The p u l s e  a m p l i f i e r  o f  t h e  PM s i g n a l ,  t h e  s c h e m a t i c  d i a g r a m  
o f  wh ich  i s  g i v e n  i n  F i g u r e  5 ,  i s  made o f  e i g h t  t r a n s i s t o r s  of  
t h e  P416-B t y p e .  The f i r s t  t h r e e  a m p l i f i c a t i o n  c a s c a d e s  ( t r i o d e s  
T 1  - Tg) make  up t h e  p r e l i m i n a r y  a m p l i f i e r  a n d  a r e  a s s e m b l e d  t o -  
g e t h e r  w i t h  t h e  p h o t o m u l t i p l i e r .  I n  t h e  p r i n c i p a l  l o o p ,  t o g e t h e r  
w i t h  a m p l i f i c a t i o n ,  t h e r e  i s  s h a p i n g  o f  t h e  s t a n d a r d  p u l s e .  The 
s h a p i n g  b e g i n s  w i t h  r e c o v e r y  o f  t h e  f o n t  i n  t h e  f o u r t h  c a s c a d e  
and i s  a c c o m p l i s h e d  w i t h  t h e  a i d  o f  t h e  t u n n e l  d i o d e ,  s h u n t i n g  t h e  
c o l l e c t o r  l o a d  o f  t h e  t r i o d e  Tq. The s i g n a l  i s  l i m i t e d  i n  a m p l i -  
t u d e  a t  t h e  same t i m e .  The u l t i m a t e  s h a p i n g  i s  a c c o m p l i s h e d  i n  
t h e  o u t p u t  c a s c a d e s  o f  T 7 ,  T g  on t h e  p u l s e  c o n v e r t e r s .  The p r i n -  
c i p a l  p a r a m e t e r s  o f  t h e  a m p l i f i e r  a r e  t h e  f o l l o w i n g :  a m p l i f i c a t i o n  
o v e r  t h e  c i r c u i t  no l e s s  t h a n  lo3; t r a n s m i s s i o n  band  o f  2 5  mHz; 
o u t p u l s e  a m p l i t u d e  f o r  l o a d  of  1 0 0  Ohm e q u a l  t o  9 V ;  r e c t a n g u l a r  
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s h a p e  of t h e  p u l s e ;  d u r a t i o n  of t h e  p u l s e  f r o n t s  o f  1 0  n s e c ,  d u r a -  
t i o n  of  t h e  p u l s e  on t h e  0 . 1  l e v e l s  no l o n g e r  t h a n  4 0  n s e c .  The 
r e v o l v i n g  t i m e  of  t h e  a m p l i f i e r  i s  d e t e r m i n e d  by  t h e  p a r a m e t e r s  
o f  t h e  p u l s e  c o n v e r f e r s  and  s e l e c t e d  as % q u a l  t o  1 0 0  n s e c .  The 
p r i n c i p a l  i n p u t  of t h e  a m p l i f i e r  a1 i s  b l o c k e d  i n  s o l v i n g  the  
t e s t - p r o b l e m s ,  w h i l e  t h e  s i g n a l  o f  t h e  t r i p l e - p u l s e  s h a p e r  i s  
s e n t  to t h e  i n p u t  21. 

F i g .  6 .  T r i g g e r  ( T I  - T 6 )  T r i o d e s  P416-B; (D1) Diode  D - 1 8 ;  ( D 2 )  

3 . 6  kOhm, R 2  = 5 1 0  kOhm, R 3  = 1 . 2  kOhm, R5 = 1 . 6  kOhm, R7 = 9 1  Ohm, 
R8 = 3 6 0  Ohm, C 1  = 3.0 p f ,  C 2  = 15-20  pf. 

* Diode  D-91, (al, a 2 )  P u l s e  I n p u t ;  ( b l ,  b 2 )  P u l s e  O u t p u t ;  R 1 ,  R6 = 

The o p e r a t i o n a l  p r i n c i p l e  o f  t h e  s h a p e r  i s  t h e  f o l l o w i n g .  
I n  t h e  s e c o n d  c a s c a d e  o f  272, a p u l s e  i s  g e n e r a t e d  w i t h  a l i n e a r l y  
r i s i n g  l e a d i n g  e d g e .  T h i s  p u l s e  i s  s e n t  t h r o u g h  a b u f f e r  r e s i s t o r  
R 6  to t h e  t u n n e l  d i o d e s  G D 2 ,  D3, D q ) ,  w h i c h  s h a p e  t h e  s t e p  s i g n a l .  
T h i s  s i g n a l  i s  d i f f e r e n t i a t e d  by  t h e  R7C3 c i r c u i t  a n d  s e n t  i n  t h e  
f o r m  o f  a p a c k e t  o f  t h e e  p u l s e s  t h r o u g h  t h e  a m p l i f y i n g  c a s c a d e  
o f  T 3  t o  t h e  PPA. The i n t e r v a l  b e t w e e n  p u l s e s  i s  f i x e d  by  t h e  
i n t e g r a t i n g  c i r c u i t  RbC2.  The c a s c a d e  T 1  i s  i n t e n d e d  f o r  s t a n d a r d -  
i z a t i o n  o f  t h e  i n p u t  p u l s e s .  

The p r i n c i p a l  u n i t  o f  a c o u n t e r  o f  t h e  FM t y p e  i s  t h e  h i g h -  
s p e e d  t r i g g e r  ( F i g .  6 )  made i n  t h e  d e s i g n  o f  a n  u n s a t u r a t e d  
t r i g g e r ,  s t a r t e d  on  a c o l l e c t o r .  I n  o r d e r  to s p e e d  up t h e  
s w i t c h i n g  t i m e ,  t h e r e  a r e  t r i o d e s  on t h e  t r i g g e r  w h i c h  shunt 
the c o l l e c t o r  l o a d s  a t  t h e  moment o f  a c h a n g e  i n  s t a t e  o f  t h e  
t r i g g e r .  The r e s o l v i n g  t i m e  of t h e  t r i g g e r  i s  a b o u t  1 0 0  n s e c .  
The t r i g g e r  i s  s t a r t e d  b y  p u l s e s  w i t h  a m p l i t u d e  o f  6-12 V and  
d u r a t i o n  o f  30-50 n s e c .  To c o n t r o l  t h e  f o l l o w i n g  c i r c u i t s ,  t h e  
t r i g g e r  h a s  p u l s e  o u t p u t s  b l  and  b 2 .  The c a p a c i t y  of c o u n t e r s  
o f  t h e  FM t y p e  i s  t h r e e  b i n a r y  b i t s .  The c o u n t e r s  FM-1 a n d  
FM-I1 w e r e  d e s i g n e d  a c c o r d i n g  t o  t h e  r e v e r s e  d i a g r a m .  
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The c h a n g e  i n  t o t a l  c a p a c i t y  o f  c h a n n e l s  I ,  I1 a n d  I is 

F i g .  7 .  Low-Flux E l e c t r o m e t e r .  (1) Sub-Uni t  F r a m e ;  ( 2 )  C o n t r o l  
P a n e l ;  (3) P r i n t e r ;  ( 4 )  S u p p l y  U n i t .  

a c c o m p l i s h e d  i n  c o u n t e r s  o f  t h e  OC t y p e .  
o p e r a t e  ' i n  b i n a r y  c o d e  a n d  h a v e  a v a r i a b l e  s c a l i n g  f a c t o r  of  2 ,  
4 ,  32 a n d  1 2 8 .  I n  t h e  p o l a r i m e t e r  r e g i m e ,  t h e  s c a l i n g  f a c t o r  
o f  a l l  t h e  c h a n n e l s  i s  f i x e d  a t  t h e  s a m e  t i m e  w i t h  t h e  a i d  o f  
a s i n g l e  s w i t c h .  I n  t h e  p h o t o m e t e r  regime, t h e  c a p a c i t y  of t h e  
O C - I  a n d  O C - I 1  c o u n t e r s  is f i x e d  s e p a r a t e l y .  

C o u n t e r s  o f  t h e  OC t y p e  

The c o u n t e r s  C - I  a n d  C - I 1  a re  d e s i g n e d  o n  a b i n a r y  d e c i m a l  
c o d e  w i t h  w e i g h t i n g  f a c t o r s  o f  5211 .  The s c a l i n g  f a c t o r  o f  t h e  
c o u n t e r  i s  lo3. The c o u n t e r  CI i s  made i n  b i n a r y  c o d e  a n d  h a s  
s c a l i n g  f a c t o r  o f  2048.  However ,  t o  e x p r e s s  t h e  p o l a r i z a t i o n  
v e c t o r  c o m p o n e n t s  i n  u n i t s  of t h e  a v e r a g e  i n t e n s i t y ,  it i s  n e c e s s -  
ary t h a t  t h e .  s c a l i n g  f a c t o r  o f  t h e  c o u n t e r  C I  b e  s / 2  t i m e s  g r e a t e r  
t h a n  t h e  c a p a c i t y  o f  t h e  c o u n t e r s  C - 1  a n d  C-11, <.e.  , e q u a l  to 
1 5 7 1  ( w i t h  a c c u r a c y  up t o  0 . 0 1 % ) .  T h i s  r e q u i r e m e n t  follows f r o m  
(11) a n d  (12). The r e q u i s i t e  s c a l i n g  f a c t o r  i s  a t t a i n e d  b y  i n -  
t r o d u c i n g  a r e se t  p u l s e  o f  c o d e  477 i n t o  t h e  c o u n t e r  C I .  

The e n t i r e  i n s t r u m e n t ,  e x c e p t  f o r  c o u n t e r s  o f  t h e  FM t y p e ,  
i s  made o f  s t a n d a r d  c e l l s  d e s i g n e d  a t  t h e  C y b e r n e t i c s  I n s t i t u t e  
o f  t h e  Academy of S c i e n c e s  o f  t h e  U k r a i n i a n  SSR ( F i g .  7 ) .  
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